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TRANSLATOR'S PREFACE. 



The subject of shaft sinking, the most complicated of all mining 
problems, is necessarily dealt with in a brief manner in Hughes' " Coal 
Mining ", in Sir C. Le Neve Foster's " Ore and Stone Mining " and in 
other standard works on mining. It has been thought, therefore, that 
a translation of an authoritative work on the subject by an engineer 
experienced in shaft sinking would be welcomed by British and 
American mining engineers. 

The present work is confined to methods of sinking in circumstances 
of special difficulty, and deals with shaft sinking by hand, with boring 
shafts, with the freezing method of sinking, and with the sinking-drum 
method. The particulars given relate exclusively to recent practice in 
Germany, where the subject of shaft sinking has, during the last few 
years, received special attention, notably from the Author, who has 
published several important memoirs on recent progress. 

The principal aim of the volume is to give those in charge of mining 
undertakings a review of the various methods that may be used in 
difficult cases of sinking in order to facilitate the selection of the best 
method for the case under consideration. 

To the translation, a bibliography of recent papers on shaft sinking 
has been added. 

The Translator has to express his thanks to Mr. Bennett H. Brough 
and to Mr. Herbert W. Hughes for valuable help in passing the trans- 
lation through the press. 



Brussels, April 1907. 
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SHAFT -SINKING IN DIFFICULT CASES. 

PART I. 
SHAFT SINKING BY HAND. 

In spite of modern improvements, no mechanical process has yet been 
able to displace for ordinary conditions the usual method of sinking 
by hand, or even to limit its use. By far the largest number of shafts 
are sunk by hand with the aid of modern explosives and by keeping 
the water down by kibbles, by pumps with spear-rods, by steam or 
compressed air pumps, and in special cases by the Tomsoh water- 
winding arrangement. 

With the great activity in sinking operations during recent years, 
this method has also been considerably improved ; the improvements 
consist chiefly in the use of suspended stages, by means of which 
sinking and bricking or lining with tubbing can be carried on at the 
same time. Pumping has also made considerable progress ; the old 
spear-rod pumps have been improved and are so constructed as ;to be 
suspended by ropes, so that they can be lowered or lifted as required. 
Suspended steam-sinking pumps are also used extensively, the draw- 
back to their use being unfortunately the considerable development of 
heat in the shaft. Lately in several cases compressed air has taken the 
place of steam as motive power. 

1. The Tomson System of Raising Water.— The Tomson 
system of raising water by the winding engine is less subject to these 
disadvantages, because the pulsometer, which is employed in most cases 
to lift the water from the bottom of the shaft into the water-tanks, has 
very little work to do and therefore gives off little heat. Lately the 
pulsometer has been in many instances replaced by piston pumps driven 
by compressed air. 

For large quantities of water the Tomson arrangement is very 
frequently, employed. 

One of the uiost important applications of the Tomson winding 
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system was made during the sinking of the shaft at Wintershall, near 
Heringen in Thuringia. The Industrie, Berlin, 1902, No. 48, 
describes this plant, from which paper the following details have for 
the most part been taken. 

In that shaft the water-bearing bed of dolomite is situated at a 
depth of 750 to 840 ft. and is therefore 00 ft. thick. This depth is too 
great for lifting-sets ; and forcing-sets were objected to in order that if 
necessary the shaft could be cleared at once for boring. The plant 
employed is the largest which has up to the present time been erected. 
There are three winding engines ; the first two have both a cylinder of 
37 inches diameter, one having a stroke of 73 inches, the other a stroke of 
71 inches, the third engine has a cylinder only 35 inches diameter and 
62 inches stroke. The first two engines can lift a kibble containing 
350 cub. ft. from 1000 ft., and the smaller engine 200 cub. ft. from 
1000 ft. to the surface. 

The whole plant can lift without difficulty from 15 to 16 tons water. 
The water is lifted from the bottom of the shaft to the water-tanks by 
duplex pumps, which are fixed to the tanks and are driven by com- 
pressed air. Each apparatus filled with water weighed 70 tons. The 
dolomite in the Wintershall shaft was found to be much more compact 
and firmer than in other Thuringian shafts, so that the infiltration of 
water finally only amounted to about 6 tons and for this reason the full 
power of the plant could not be tested. On December 1, 1901, the 
dolomite was reached, and on February 12, 1902, at a depth of 850 ft., 
it was passed through and tubbing could be commenced, which certainly 
represents a remarkable achievement. 

All the above-mentioned methods of raising water are at present so 
arranged that in case of necessity the shaft under water can be cleared. 
Rigidly fixed pumps are nowadays hardly ever used for sinking. 

Through the agency of all these improvements, well arranged and 
coupled with favourable conditions of water, splendid achievements have 
been attained by hand-sinking, of which the following are a few 
examples : 

2. Shaft V. of the Aschersleben Soda Works was sunk 
940 ft. in 252 days, completely walled and provided with guides. 
From 61 ft. to 710 ft. = 649 ft, the shaft was lined with tubbing, and 
this portion was sunk and completely finished, ready for winding, in 
176 days. 

The average rate of progress for the total depth of 940 ft. was 
365 ft. completed shaft per day ; the total cost, including tubbing, 
bolts, lead, concrete, wages and all expenses, amounted to 1750 marks 
per metre of walled shaft (£26 13s. 6d. per foot). It should here be 



SHAFT SINKING BY HAND 3 

noted that in this shaft, shaft stuffing-boxes (German patent No. 65012) 
were employed, and during recent winters proved efficacious although 
they showed some movement, but no leakage took place. During the 
same period considerable trouble was experienced in Westphalia with 
leakage in shafts. 

3. Sinking the Shafts at the Qeorgs-Marien-Hiitte. — In 
the first of the two shafts of the Georgs-Marien-Hiitte, at Werne in 
Westphalia, from 82 ft. to 1500 ft. depth, that is 1418 ft. of shaft were 
sunk through marl in nine months ; this is on an average 158 ft. per 
month. The total duration of sinking, including a bed of quicksand 
3J ft. thick in the upper part of the shaft and including the lining of 
this part with tubbing, to the coal-measures at 1900 ft., was from 
September 1, 1899, to May 2, 1901, or twenty months. The average 
sinking to this great depth was 95 ft. per month. The greatest work 
done in a single month was 198 ft. through marl. The water that had 
to be contended with was favourable to operations, though, at a greater 
depth, two feeders of water were encountered ; one at 1500 ft. of 
33 gallons per minute, the other at 1800 ft. between the green sand 
beds of 20 gallons per minute, -which to a certain extent increased the 
difficulties of sinking. Almost similar conditions were encountered at 
the second shaft. 

4. The Sinking of the Wilhelmshall Shaft at Oelsburg in 
Hanover also represents a good performance. 

Sinking operations proper were begun in this shaft on June 1, 1900, 
by sinking a masonry drum having an inside diameter of 22 J ft. At a 
depth of only 21 ft. clay and gypsum were encountered, and at 56 ft. 
the drum stood in gypsum pebbles and could not be sunk further. 
Sinking was finished on June 24, and at this period, owing to a break- 
down of the boiler, work was delayed for a short time. The influx of 
water amounted to 220 gallons per minute, and was pumped by diaphragm 
pumps. Under the gypsum was clay, which was passed through without 
special difficulties. 

After 158 ft. had been reached by a temporary coffering with channel- 
iron rings, a wedging curb was laid at this depth and cast-iron tubbing 
18 ft. inside diameter was carried up the shaft to inside the masonry 
sinking drum. This work was terminated on August 3, 1900. 

The top water was completely shut out by the tubbing, and sinking 
operations progressed more rapidly. 

The next measures to be sunk through consisted of red and blue clays, 
with seams of gypsum and anhydrite. 

Brickwork masonry was employed for walling and was, as a rule, two 
bricks in thickness. From 270 ft. to 340 ft. gypsum and anhydrite were 
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sank through, which afterwards again alternated with red and blue 
clays. 

At a depth of 650 ft. these rocks changed to pure grey saliferous 
clay, and at 670 ft. the salt deposit was encountered. 

The masonry walling was built in sections of about. 150 ft., each of 
which was provided with a brickwork curb. The walling was done from 
a suspended staging without interfering with sinking operations. 

Below the tubbing the shaft was increased in size, and the inside 
diameter of the brickwork was 19 j ft. The strata passed through to reach 
the saliferous clay were all nearly horizontal, while the saliferous clay 
was quite steeply inclined, about 70° to 90°, and at this position 
remained about 98 ft. in the shaft section, so that on one side of the 
shaft clay, and at the other rock-salt, was present. At about 740 ft. 
the dip was again less, and sinking could be continued through the rock- 
salt by walling with brickwork in sections. 

On August 27, 1901, when a depth of 1780 ft. was attained, an inrush 
of brine took place from above in the salt clay through the masonry at 
about 670 ft. This was so powerful that the shaft was flooded. Energetic 
attempts to drain the shaft were fruitless. The total sinking operations 
up to the time of tbis disaster, including sinking, tubbing and walling 
to a depth of 1380 ft., occupied 423 days for a total depth of shaft of 
1780 ft., which represents a progress of 3*4 ft. per calender day, or about 
37 ft. per working day. 

As far as the security of shafts sunk by hand is concerned in most 
instances, when brickwork walling is not sufficiently reliable, cast-iron 
tubbing segments with faced inside flanges bolted . together and lead 
joints are employed ; shafts liued in this manner are absolutely water- 
tight. Walling with so-called English tubbing plates, with rough outer 
flanges, without bolts or joints, with the spaces between the plates filled 
with wooden wedges, is now hardly ever employed. They are much 
heavier and their cost per yard of shaft is higher, and they therefore 
do not permit such rapid construction as the use of faced tubbing, and 
in no case offer the same security. 

5. Shaft II., Zollern I. Mine, — The remarkable advance made 
about fifty years ago, by the introduction of English tubbing and of round 
shafts by Englishmen in Westphalia, was a short time ago made quite 
clear to me, when I had the opportunity of passing through the air-shaft 
of the Zollern I. mine. The shaft was begun by Englishmen and sunk 
with an inside diameter of 17 \ ft. to a depth of 215 ft., walled with 
English tubbing plates, and then owing to excessive quantities of water, 
was abandoned. At that time 40 cb. m., or about 1200 cubic feet had to 
be pumped. The shaft stood for over forty years und^r water. After the 
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shaft was drained the iron tubbing was found to be in a perfect state of 
preservation, and the work had been very well done. It was interesting 
to mechanical engineers to examine the four old-fashioned, very heavy 
lifting pumps which were still in the shaft. The heavy wcoden spear- 
rods of these pumps, which had the whole time been under water, were 
still in a good state of preservation. This interesting shaft with the 
pumps is represented in Plate I. 

6. Under hanging Tubbing. — An improvement, which has 
recently met with considerable success, and was in the first instance 
employed on a large scale by Haniel and Lueg in the construction of the 
shafts of the Heinrichenburg Canal lift, is the security afforded to the shaft 
sides by underhanging the tubbing under the wedging curb instead of 
building it up from the latter. This process obviates the costly use of 
temporary timbering and the entire labour and time necessary, and this 
mode of working has the advantage that the joints are always entirely 
secure and definitively fixed to about one and a half metre from the 
bottom of the shaft. The dangers during shaft sinking to the workmen 
from falling stones are with this method entirely excluded. At Shaft II. 
of the Zollern II. mine this process was employed only with a small inflow 
of water, and the result was so satisfactory that the sinking of the above- 
described air-shaft of the Zollern I. mine was continued according to this 
method, concerning which I will give further details. 

The Shafts Deutscher Kaiser I., II. and III., and Kheinpreussen III., 
were continued by tubbing hung under the sinking shafts and also at 
Hugo I. ; in the last shaft in dry sand. The curb of the sinking shaft 
at Sterkrade I. was also effectively closed by underhanging tubbing. 

7. Further Sinking of Shaft II., Zollern I. Mine.— The 
further sinking of the shaft of the Zollern I. mine to which reference 
has been made was of great interest, inasmuch as it was certain that 
large quantities of water would have to be contended with. Mr. Eande- 
brock, the manager of the mine, in spite of considerable opposition, was 
assured by the success obtained by this method in Shaft II. of Zollern II., 
and decided to adopt the underhanging system. The result obtained 
proved Mr. Eandebrock to be right. I give a short description of the 
work, which presented many noteworthy features. For the details I 
am largely indebted to Mr. Apprecht, underground manager of 
Zollern I. As is clear from what has already been stated, the shaft 
was abandoned by the former English proprietor of the mine owing to 
the large quantity of water encountered. The shaft was 215 ft. deep 
and walled with English tubbing. The shaft was at first drained by 
a steam sinking pump of 6 tons per minute, and when the bottom was 
attained the inflow of water was only 3 tons. After the shaft had been 
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sunk 15 ft., a wedging curb, which was faced on the under-side and 
provided with bolt holes, was laid. On top of this two German tabbing 
rings, each 5 ft. high, were placed, and between the top layer and the 
bottom of the English tubbing a special curb was fitted in. The flow 
of water, as sinking proceeded, diminished considerably ; it amounted 
to 6*5 tons per minute at 225 ft. ; at 230 ft. a maximum of 7 tons was 
attained, and then the inflow, which at 235 ft. had already decreased to 
55 tons per minute, very rapidly diminished, until at 255 ft., only 
0*35 ton, at .270 ft. again 0*5 ton was present, while at 305 ft. the 
shaft was almost dry. -D * 

Plate II. represents the finished shaft and indicates the various 
features which will be mentioned later in the description. The tubbing 
employed for underhanging consisted of cast-iron segments 4 feet 
11 inches high and differed only from ordinary faced tubbing, inasmuch 
as the segments were provided on the outside with several projecting 
ribs | inch high, to support them rigidly in the concrete backing. In 
each segment, above the bottom flange a hole 2i inches diameter 
slanting downwards was provided for grouting with cement and 
concrete. 

Sinking took place in such a manner that each time a distance of 
4 feet 11 inches was sunk a ring was added. The segments were first 
lowered to the bottom of the shaft and placed near their definite 
position. A segment was then lifted up by the tongs shown in 
Plate II. and held under the flange of the segment above, to which it 
was attached by two long bolts passed through the outer holes. The 
tongs were then removed, the lead joint was placed in position and the 
segment was bolted to the segment above. After the ten segments 
were thus placed the vertical lead joints were inserted and the flanges 
were definitely bolted together. The sides of the excavation at the end 
of each ring were carefully adjusted and by means of a bent plate with 
oval holes (Plate II.) a good joint was made between the tubbing plates 
and the sides of the excavation. After these plates had been fixed, all 
the remaining crevices were filled with wooden wedges. The spaces 
between the tubbing and the sides of the excavation were filled in with 
concrete through the hole in the plate by means of the funnel shown in 
Plate II. and at the same time the water was allowed to flow through 
the holes in the ring situated above. The concrete, as a rule, consisted 
of one part of cement and four parts of sand ; only at the lowest ring 
of tubbing one part of cement and two parts of sand were employed. 
The concrete set in forty-eight hours, during which time the sinking of 
the next section was proceeded with. When fissures in the rocks, with 
a strong flow of water, were encountered, they were carefully cleaned, 
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and the opening thus formed was closed by a plank (Plate II.) to reduce 
the force of water behind the tubbing and to divert the flow of water 
downwards. The setting of a complete ring of tubbing plates 
generally required six hours, and the joints and concrete filling at the 
most twelve hours. Mr. Eandebrock states that the Haniel and 
Lueg process employed in sinking the shafts of the above-mentioned 
canal lift induced him to adopt the underhanging system in shaft 
sinking, and that the results obtained at Zollern II. and I. were so 
satisfactory that he believed, assuming that the water could be 
contended with, that even if the total quantity of water amounted to 
3300 gallons per minute, the process could be adopted with good 
results. He especially emphasises the fact that in both shafts 
mentioned no accident or injury occurred to the sinkers through 
falling stones. Mr. Apprecht also points out as the chief advantages of 
the system, that the costly and tedious laying of wedging curbs is done 
away with, that the time and money spent in scaffolding are saved, 
and, above all, that at each stage and at each moment the inflow 
of water can be partially stopped. The water to be contended with 
can never attain that quantity which might be encountered when from 
50 to 80 ft., or even more, of shaft have to be sunk at a time before 
reaching a suitable stone head for laying the wedging curb. 

8. Underhanging Tubbing at the Emscher-Lippe Mine. 
— This opinion is also confirmed by information contributed by Mr. 
Wiesmann, manager of the Emscher-Lippe mine, concerning the sinking 
of two shafts. One of the shafts, which was lined with tubbing built 
up from wedging curbs in long sections, had an inflow of from 1320 to 
1540 gallons of water per minute, while the other shaft, situated close 
by, only had an inflow of 110 gallons per minute. This is attributed to 
the fact that at the last-mentioned shaft the underhanging method of 
tubbing was employed, which permitted the water issuing from the 
strata to be always stopped in short sections of the shaft. 

In addition I should like to draw attention to the fact that a shaft 
of this description is always completely walled to within about the last 
five feet and, for this reason, if flooded, is not exposed to the danger of 
falling in. No scaffolding being employed in these shafts, they can be 
quickly cleared in order to employ any other proposed method of sinking. 
Both of these circumstances are of particular importance in salt shafts 
and in shafts passing through clay measures, which stand badly under 
water. 

If I now pass on to describe shaft sinking under difficult conditions, 
that is, in water-bearing beds, in fast or running ground, the observation is 
forced upon me, that there are no new methods to report, and one of the 
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three known methods is always made use of. In these three methods, 
sinking by boring, the freezing and sinking dram methods, I have 
however to report great progress and many gratifying improvements. 

In view of the extraordinary economic activity of late years in the 
energetic sinking of numerous shafts for coal, lignite and also potash 
salts, it is really evident that nothing can be reported concerning 
fundamental improvements. This assiduous activity and the necessity 
of rapidly getting down to these measures, in order to be able to satisfy 
the urgent demand, occasioned an ardent and in some instances an 
earnest endeavour to discover new methods and to improve existing 
ones. To this must be added, that tbe continually increasing diameter 
and depths of the shafts and the pressing forward of the work through 
great depths of sand, which formerly one would not have dreamed of 
undertaking, have considerably increased the difficulties of sinking and 
thereby led to improvements. Comparatively few of the innumerable, 
more or less immature, proposals, and of the few interesting and 
ingenious projects, several of which have been the subjects of patents, 
have found an application in practice, and I shall therefore now turn 
to the well-known methods. 

All three methods, when compared with sinking by hand, have the 
disadvantage of resulting in very much less progress and in considerably 
higher cost. Very valuable information and comparisons bearing upon 
this branch of sinking are to be found in the report of the Eighth 
German Mining Congress. 1901, by Mr. Kohne. Moreover, Mr. J. 
Hoffmann, in the special number of Gluckauf on the occasion of the 
Eighth German Mining Congress, also contributed valuable information 
on the subject. 

In making these comparisons it must not be forgotten that the 
three methods to be described are only resorted to if the water to be 
contended with and the strata do not permit sinking by hand. The 
consideration of sinking by hand in those cases, where it can with 
advantage be employed, with an inflow of water which does not exceed 
a certain measure varying with the depth of the shaft, will always be 
warranted as far as the work done and the outlay is concerned. This 
consideration is so great, that one of the methods for water-bearing 
strata, namely, the freezing method, is based on the fact that it 
temporarily renders the strata suitable for hand sinking. In spite of 
the elaborate and tedious preparations for the freezing method, it has 
given good results, and can compete with other methods because the 
possibility of sinking by hand in frozen ground renders such progress 
possible that the average work done has, in many cases, proved to be 
eminently satisfactory. 



PART II. 

SHAFT SINKING BY BORING. 

1. Introduction and General Description. — Complete shafts 
were first bored under water by Kind. This process was originally 
practised in such a manner that the shaft was bored in one operation 
to the size required, and only free-falling cutters were employed, just 
as in making small exploratory bore-holes. 

Later, principally in order to collect the material, a smaller shaft, 
having J to \ of the total diameter of the shaft, was first bored ; this 
small hole also serves as a guide for the larger tool and aids in keeping 
the shaft true. The larger borer, which has to take out the shaft to the 
size required, thus only finds an annular section to be removed, and has 
always a clean base to work on, because all the debris produced falls 
down the inclined slope into the smaller central shaft. 

The following description of this process, in its present form for a 
normal case, is rendered clearer by the aid of several illustrations and 
sketches. 

This process is at the present time adopted only when a shaft has 
been sunk to a certain distance in hard water-bearing strata, generally 
by hand and with the aid of pumps, and when it is not possible to 
continue it. If a large inflow of water is anticipated, in many cases, 
especially in Westphalia, the possible use of shaft boring is considered, 
i.e., everything is so arranged that boring can be adopted without 
special difficulties. In the first place, the pit-head gear must be 
arranged in such a manner that it can remain as a boring frame or be 
capable of being easily adapted for the purpose. No timbering, pump 
girders or other material should be definitely fixed in the shaft, but all 
necessary arrangements should be made in such a manner that if the 
shaft is unexpectedly flooded the equipment in the way can be hoisted 
to the surface without further difficulty. The lining of the shaft should 
be as smooth as possible ; brickwork or tubbing is alone permissible, and 
all brackets projecting from the walls of the shaft should be avoided. If 
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this has not been foreseen, and the shaft, with pump girders, fixed 
pumps, timbering and other hindrances, be unexpectedly flooded, nothing 
remains to be done but to lower, by means of a grab, a quantity of 
concrete to the base of the shaft, and after this has hardened and the 




Fig. 1. — Plant at the Surface of a Boring. 



water has been shut off, the shaft is pumped dry and cleared. When 
this has been done, a small hole, having the same size as the small 
borer,, is sunk about a yard deep through the concrete floor as a first 
guide to the tool, and the shaft is again flooded. In the meantime the 
plant at the surface has been erected ready for boring. The boring- 
tower should be sufficiently high to accommodate the rods, which at 
the present time are generally65J ft. long ; and as it has to support 
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very heavy loads, it must be constructed of strong timber- work. The 
centre portion of the tower has two wings, which stand opposite to one 
another and form with the tower a long, lofty building. 

The accompanying illustration (Fig. 1), reproduced from a photo- 
graph, shows the outward appearance of the surface plant for a shaft 




Fig 2.— Smaller Ca.«t-steel Borer. 



boring. Through the building two tracks run at different heights ; the 
upper, narrow track carries the trucks for the rods, and is situated close 
under the roof. It serves to hang up the boring rods in order to run 
them out of the way. The other wider track supports the boring trucks 
to which the borers, kibble and various other tools, can be suspended 
and moved to or from the centre of the shaft. Plates III. and IV. re- 
present a longitudinal and a cross section respectively of the boring 
tower. In Plates III. and IV. a is the large borer and b the small borer, 
c is the ordinary kibble, d a tool for raking the base to recover pieces 
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of iron, teeth, etc., e is a tool to lift op broken rods, /are the rods and 
g the rod trucks, while h is the borer trucks. In Plate IIL in one of the 
wings the borer rope i is to be seen, by which the borer is moved up 
and down, and k is the kibble rope to lift and lower the kibble to 
remove the debris. For supplying power for the boring proper there 
is a steam cylinder I, whose simple valve-gear is operated by hand. It 
lifts the rods and the borer by means of the strong beam m. At a 
convenient height above the bore-master's platform the stirrup n is 
placed between the chain attached to the end of the beam and the rod ; 
by means of the stirrup, as the depth of the shaft increases, the rods 
are allowed to descend, and at the same time, after each blow, the rods 
and the borer are slightly turned by the tiller o, in order that the whole 
surface of the base may be worked in turn. The following two illustra- 
tions show the present usual forms of borers. They are made of steel ; 
the small borer (Fig. 2) weighs about ten tons; the large borer 
(Fig. 3) weighs about twenty tons. 

Boring is generally commenced by the small tool, and then 
continued with the small and large borer alternately, using one 
tool after the other. The small hole is generally kept snfficiently deeper 
than the main shaft in order to facilitate the removal of the dibris. 
The material is lifted and the shafts bored alternately. After each 
operation the borer is repaired ; parts that have worked loose are 
tightened up again and broken teeth are replaced ; the time during 
which the kibble is being lowered is generally sufficient for these repairs. 
Generally two large and two small tools are supplied for large borings 
of deep shafts, so that difficulties owing to lack of tools are avoided. 

Boring is continued through the water-bearing strata down to or 
into an impermeable stratum, under which no further inflow of water is 
to be expected. In the Bunter sandstone difficulties are often en- 
countered owing to the falling in which occurs when the boring is carried 
on through loose, disturbed, or also sandy, clayey, or running ground. 
This difficulty is met by lowering sheet-iron cylinders to the part of the 
shaft affected ; these cylinders have the required thickness, and their 
diameter is suited to the size of the shaft ; they are either suspended 
from the surface by flat wire ropes or supported by a ledge left for the 
purpose. These cylinders are not necessarily thick, because they have 
no pressure of water to resist. The whole work of boring is done 
with the shaft under water ; in spite of this, with each cylinder 
employed a slight reduction is made in the diameter of the shaft. 
When boring operations are started, this circumstance must be taken 
into consideration in deciding the diameter of the top of the shaft, 
especially if several cylinders are expected to be necessary. 
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If the boring is successful down to that point where no more water is 
expected, and the base of the water-bearing measures is reached, the bottom 
of the shaft is cleared of all debris, the boring tools are removed and the 
tower is arranged for lowering the tubbing. During the operation of 




Fig. 3. — Larger Cast-steel Borer. 



lowering, the tubbing forms a water-tight lining for the shaft and 
consists of cast-iron rings. The enormous weight of the long length 
of tubbing, which in very deep shafts is as much as 4000 tons, is 
balanced by the water displaced. The two bottom rings can slide one 
Over the other; they form a stuffing-box filled with moss, which is 



14 SHAFT SINKING 

called the inoss-box. This serves to make a temporary water-tight 
joint between the tubbing and the sides of the shaft ; in sinking the 
tubbing, as soon as the bottom end rests on the seating for its base, the 
bottom rings slide over each other and the moss is compressed against 
the sides of the shaft. 

The tubbing is built up in the following manner : The two rings 
which form the moss-box are first placed on a strong platform over the 
shaft and erected in their proper position. After the moss-box has 
been properly packed with moss and this has been covered with strong 
wire netting, in order to prevent the moss falling out when the moss- 
box is being lowered into the shaft, the bottom ring is added, and 
the whole under portion of the tubbing is then suspended by strong 
sinking-rods to six or eight strong screw-jacks in the tower. 

Fig. 4 shows a moss-box completely erected and hanging to the 
sinking-rods with the bottom ring of tubbing. After the weight has 
been slightly lifted by the jacks, the platform is removed, and the whole 
is lowered by the jacks so far that the upper flange is just below the 
mouth of the shaft. Then the sinking-rods are supported by beams 
placed across the shaft and a new ring is brought in, then the sinking- 
rods are again bolted to the inside of this ring. When the beams have 
been removed, the ring can be placed over and bolted to the ring below. 
The lowering of the tubbing is continued in this manner, and the 
bottom end with the moss-box is soon immersed in water which helps 
to carry the weight of the tubbing. 

On the left-hand side of Plate V. the commencement of lowering at 
the moment described above is represented. As soon as the continued 
addition of rings causss the tnbbing to sink deeper, a moment arrives 
when the tubbing begins to float and the sinking-rods can be removed, 
and from that time the building in of the tubbing advances more 
quickly and with greater ease. The buoyancy soon becomes too great 
and the tubbing does not sink sufficiently ; to make it sink it has to be 
loaded artificially by letting in water as required. 

If the shaft has to be bored throughout its whole length or, in other 
words, has to be completely lined with tubbing, the erection of rings is 
continued until" the moss-box strikes the bottom of the shaft. Then 
large quantities of water are let into the tubbing, to increase its weight ; 
the moss- box is thereby compressed, and the bottom annular space is 
closed. The arrangement for concreting the space between the tubbing 
and the sides of the shaft is then prepared. This is generally done 
with the aid of four flat kibbles worked by rope pulleys. After the 
concrete has been placed, and has been allowed to set hard during from 
four to six weeks, the shaft can be pumped dry and the floor removed 
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by hand for further sinking. As has already been stated above, shaft 
boring is almost always employed after a certain depth of shaft has 




Fig. 4. — Moss-box completely erected. 

been attained by another method, and the shaft is then generally 
already provided to a certain depth with permanent masonry. It is 
then unnecessary to make the tubbing reach to the surface of the 
water, but only to a certain distance into the walling which is already 
completed. In such cases a system is employed in which the tubbing 
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is provided with a cover. If as many rings have been added as are 
necessary for shutting off the water, the addition of rings is stopped 
and a cover is built in exactly the same manner as at the bottom of 
the tubbing, and the tubbing is then sunk by means of the hooks and 
rods, like a well-closed bottle, to the bottom of the shaft, after being 
loaded with a certain over-weight of water. Concrete is then filled in 
between the tubbing and the sides of the shaft, and naturally only as 
far as the tubbing reaches. In Plate V., on the right-hand side, a 
tubbing provided with a cover, completely built in find backed with 
concrete, is shown. It represents the tubbing of the shaft of the 
Benthe Potash Mine, Hanover. 

In order not to extend my description unduly, I have been obliged 
to omit accessory details and now, turning to the historical development 
of the process in Germany, shall describe a few of the most interesting 
examples. 

When the boring of the shafts of the Dahlbusch Mining Company 
was described in 1879 by Mr. Schulz-Briesen, the general manager, in 
the Zeitschrift fur das Berg-, Hutten- und Saline mreacn im Preussischen 
Staate, interest was first aroused in Germany in the sinking of shafts 
by boring on the Kind-Chaudron system. At about this time 
eighteen shafts had been bored in France, twelve in Belgium, four in 
England, five in Lorraine, and five in Westphalia. All the shafts bored 
in Westphalia belonged to the Dahlbusch Colliery Company, which can 
claim the honour of being the pioneers. The depths of the shafts 
bored varied between 350 and 288 ft. For the most part marl-beds had 
to be sunk through, which are easy to bore, and the boriog showed 
good progress. 

Since that time many other shafts have been bored in Germany, and 
these, without exception, were all first sunk to a certain depth, and the 
difficulties encountered were so great that all other methods had failed 
or offered no prospect of success before boring was resorted to. In all 
cases * splendid results have been obtained by the boring process, and it 
may be stated with satisfaction that boring has always attained its 
object, and not a single shaft has been lost. In one single case the 
boring was stopped, namely, at the Segengottes shaft of the Mansfeld 
Company, because the boring afterwards proved to be unnecessary. 

Great credit is also due to Mr. Tomson, general manager, for 
extending the use of the Kind-Chaudron method, because he completed 
the Shafts I. and II. at the Gneisenau Colliery by the aid of this boring 

* Cannock and Huntington Colliery in Great Britain failed through cracking 
of the tubbing just above the moss-box. The water could not be pumped out, and 
the shaft was abandoned for nearly twenty-five years (Trans.). 
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process. In Shaft I. the water was shut off at a depth of 240 # 6 m. in 
1882 to 1885 ; in Shaft II. the water was shut off at a depth of 244 m. 
in 1884 to 1886. In these shafts for the first time a tubbing closed 
with a cover was employed to shorten the tubbing. Both shafts were 
previously sunk by hand to.a depth of 105 m., and at this depth were 
abandoned owing to the great influx of water. 

Later on, the following borings were sunk : In 1884 to 1887 the 
Clothilde shaft of the Mansfeld Company; in 1887 to 1889, Shaft 1L 
of the Government salt mine at Leopoldshall ; and in 1887 to 1889, 
Shaft I. of the Thiederhall Company, near Brunswick. The Thiederhall 
shaft was of special interest owing to the great difficulty experienced 
in sinking and to the water continuing to the salt deposits. The 
water was for the first time shut off in rock-salt, which was previously 
considered to be impossible. 

In 1891 the demands of the Rhenish- Westphalian Coal Industry for 
a larger output and for correspondingly larger shafts became more 
urgent. Until then, owing to difficulties of transport and manufacture, 
the bored shafts only had a maximum diameter inside the flanges of 
11 ft. 11 in., and this was one of the chief reasons why mining authorities 
decided on boring only when no other choice remained. Taking into 
account the conditions obtaining, Mr. Tomson induced the firm of Haniel 
and Lueg to modify their railway trucks for the transport of tubbing 
in such a manner that rings 13*4 ft. inside diameter and 3*9 ft. high 
could pass the loading-gauges of the railways. 

By these means and by dividing the outer moss-box rings into 
segments which was also proposed by Mr. Tomson, it became possible 
to undertake the boring of Shaft I. of the Preussen I. mine with 
tubbing 13*4 ft. inside diameter at a depth of 250 to 342 m. The 
increased diameter of the shaft and the continually increasing depth 
necessitated the use of stronger and better-constructed tcols. Instead 
of the former oak beam bound with iron, an iron-riveted beam was 
employed, and other tools and implements for lifting broken rods, 
though not undergoing any great alterations in design, have been con- 
siderably strengthened. The diameter of the smaller borer has been 
increased from 3*4 to 8*2 ft., and the large borer of 15*7 ft. diameter 
has been constructed to successfully resist the shocks and vibration 
caused. The boring rods, which were formerly 52 ft. long, are now 
lengthened to 65 1 ft. in order to facilitate the connection and discon- 
nection of the rods. An important improvement in sinking the 
tubbing has been introduced. In less deep shafts the tubbing was 
lowered by six special screw-jacks fixed in the shaft tower. At great 
depths, however, for sinking the tubbing six very long sinking rods 
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were necessary, which caused considerable expense. Mr. Chastelain, 
chief engineer of the Kind and Chaudron Company, designed and 
employed at Ghlin a system of hooks combined with the boring rods, 
and lowered by the boring winding engine after the cover has been 
placed. This apparatus was used at the Preussen Colliery, and has 
always been employed for the subsequent larger borings. 

DESCRIPTION OF SEVERAL EXAMPLES OF 
BORED SHAFTS. 

2. The Boring of the Shaft at Jessenitz (Plate VI.).— In 1893 
the Mecklenburg Potash Works decided to bore their shaft near Jessenitz. 
Of all more modern shafts, this shaft has taken the longest time to 
complete. The sinking of this shaft was continued with unprece- 
dented perseverance and at enormous expense, and owing to the 
accumulation of difficulties of every description encountered, and the 
manner in which they were overcome, is of special interest. 
The following strata had to be sunk through : 
to 19 m. sand 

partly fine, partly coarse gravel 

gypsum with deposits of sand 

gypsum, partly firm, partly brittle 

firm gypsum 

fissured gypsum with clay 

fissured sandstone 

gypsum with anhydrite 

rock-salt. 

Poetsch's method, which consists in freezing the running ground 
and transforming it into a solid mass of ice, was employed for sinking 
through the upper water-bearing strata. After freezing, the sinking 
to the depth of 75 m. (245 ft.) was satisfactory. At this depth the 
first wedging curb was placed, and from this German tubbing was built 
up to the surface. The sinking was then continued by hand. At the 
depth of 89 m., owing to an inflow of about 5 gallons per minute 
through the upper wedging curb after thawing, a second wedging curb 
was laid. After lining from 89 to 75 m. with tubbing, the water was 
completely stopped, and sinking was continued through dry ground to a 
depth of 130 m. From 130 m. former borings proved the approach to 
fissured ground and the presence of water. It was then decided to 
continue sinking, with the appliances for freezing which were already 
provided, from 130 to 175 m. Freezing-pipes, 6 £ inches inside 
diameter and § inch thick, were placed in bore-holes at regular distances 
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from one another inside the shaft near the walls of the same to a depth 
of 175 m. The result obtained was negative; the frozen ground in 
sinking proved not to be water-tight, and consequently the shaft was 
flooded. Attempts were made to attain the object of the undertaking 
by pumping. Two pumping engines, single and direct acting, were 
erected, which had a combined capacity of 880 gallons per minute. In 
spite of the greatest* efforts, it was impossible to attain to the depth of 
150 m. with these two pumps. After the pumping engines had been 
working for several weeks, the only result obtained was the lowering of 
the level of the water in the shaft, which at times was 8 m. (26 ft.) below 
the surface, to about 40 m. (131 ft.) 

These difficulties and troubles lasted ten years ; and it was then 
decided to sink the shaft by boring, after it had been considered 
impossible to do so by the means already employed. 

Unfortunately, owing to the sudden abandonment of the shaft, 
nearly all the implements, kibbles and also various pieces of iron and 
wood remained at the bottom of the shaft ; the freezing-pipes, each 
about 115 ft. long, also remained in the shaft. The bore-masters 
attached great importance to the removal of these pipes, because they 
foresaw the great hindrances that would be caused. 

A layer of concrete was first placed at the bottom of the shaft 
having about 42 feet thickness, whereby the fissures through which the 
water entered were closed, and all supports, pumps and girders were 
removed ; attempts were then made to remove the freezing-pipes. 

All attempts failed, probably because the pipes were torn and 
damaged. Boring round the circle of pipes failed also, as was after- 
wards discovered, because the pipes were out of plumb and deviated 
very considerably from a vertical line. After fruitless endeavours for 
several months, it was decided to commence boring and to bore through 
the pipes. The boring arrangements for sinking the shaft by boring 
were of the usual construction. As was to be expected after the concrete 
had been bored through, boring progressed very badly, partly because 
portions of the freezing-pipes were in the ground and partly because the 
steep dip of the strata and the large aperture caused ground of unequal 
hardness to be under the borer. The freezing-pipes were only bored 
off partially, whereby pieces springing back remained standing and 
prevented the borer from being turned, pushed it aside and caused the 
shaft to deviate from the vertical direction. Only after careful dressing 
with a borer provided with special saw-like teeth was the shaft kept 
straight. 

From the depth of 175 m. (575 ft.), after the freezing- pipes had been 
dealt with, an important improvement in the progress of boring took 
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place. Up to that time 11 tons of drought-iron and steel, ground into 
small parts, were brought up to the surface by the mud-grab. 

According to the results of former borings it had been assumed 
that gypsum occurred in a compact form at a depth of 175 m. and here 
the water could be shut off. Following the advice of the firm of 
Haniel and Lueg, it was decided, in order to ascertain the facts, to examine 
the succeeding measures for water. For this purpose a pipe was lowered 
from the surface to the bottom of the smaller shaft, and the bottom of 
the latter was filled with concrete for a distance of 6 \ to 10 feet. After 
the concrete had set, the water in the pipe was pumped out and then 
boring was commenced with a diamond crown inside the tube. At a 
depth of 211 m. water was again bored into, which filled the whole pipe. 
It was, however, uncertain whether the water came from the measures 
or from a leakage through a damaged portion of the pipe. In order to 
determine this, the bore-hole, which had reached a depth of 218 m., was 
filled with concrete to 200 m., and after this had been allowed to set, 
was again tested by pumping. It was now possible to draw off the 
water to 43 ra. without any increase of water being noticeable, and it 
was then clear that the water originated in the measures. After this 
proof the shaft was again put in order for boring alternatively with the 
small and large borers. 

When the small shaft had attained the depth of 252 m. and the large 
shaft a depth of 201 m., the ground was again examined with the same 
result. The small and large shafts were then deepened to 255 m., and 
at this depth, 6 m. above the salt, the ground was again tested. 

Unfortunately the ground above the salt was not only much broken 
and inclined to fall in, but also carried water. Under these conditions 
nothing else remained to be done but to continue the boring about 
20 m. into the salt and to fix the moss-box at this point to shut off the 
water. When boring was restarted the salt was reached at a depth of 
261 m., and after a depth of 287 m. was attained boring was stopped. 

In order to determine whether there was sufficient space for lowering 
the tubbing, a wooden template was employed, which resulted in the 
unwelcome discovery, that the bottom of the shaft was filled up 16 ft. 
high with ground that had fallen in. It was, therefore, feared that the 
sides of the shaft would fall in, when the tubbing was lowered or during 
the work of putting in the concrete filling, and thereby cause failure of 
the undertaking. In order to avoid such an eventuality, it was decided 
to line the shaft from the salt measures, from 260 to 210 m., with a 
sheet-iron cylinder. It was impossible to sink this cylinder in one 
piece ; it was then decided to lower it in two halves of 88 ft. each. In 
sinking the first half, which had an inside diameter of 15*4 ft., a length 
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of 91 ft., and a thickness, of f inch, and weighed 62£ tons, it stuck 
fast at a depth of 194 m., probably owing to an irregularity at this 
portion of the shaft. The hindrance could not be removed by repeated 
lifting and lowering of the cylinder ; it was therefore lifted to the 
surface and its length was reduced to half of the original length. This 
cylinder was then lowered without difficulty, and it settled on a small 
ledge which had been left standing at a depth of 263 m. A further 
lining of the shaft was not resorted to, because it was taken for granted 
that the falling in which had been observed was from the ground 
immediately above the salt, and this portion was covered by the sheet- 
iron lining. 

The tabbing was then lowered in the usual manner, and the spaces 
behind the tabbing were filled in with concrete. The tubbing was 
13*4 ft. inside diameter. When the concrete had been allowed to 
harden, the shaft should have been drained ; it was, however, found that 
the water, which rose in the equilibrium pipe, had not been successfully 
shut off. By sounding in the equilibrium pipe, it was discovered that 
the free space under the false bottom was filled with ground that had 
fallen in and consisted of gypsum and selenite. It could not be deter- 
mined whether this material came from the ground above the sheet-iron 
lining, and went down at the same time or a little before the first 
concrete filling, and thereby damaged the concrete at the leakage 
through the under strata, or whether, on account of the inclination and 
the undulated surface of the salt deposit, the shaft had not been sunk 
deep enough into the salt measures, and a breaking through resulted. 

All attempts to lift the water with kibbles failed, and the water 
remained at a level 50 m. below the surface in the equilibrium pipe. 

The only means that remained to complete the shaft was to line it 
with tubbing having a smaller diameter, and to attain this object, the 
shaft had to be bored another 30 m. deeper. In order to shut off the 
water. sufficiently for the removal of the rising main, the space below the 
false bottom was filled with concrete, which was lowered in kibbles 
through the rising main. After the concrete had hardened, the leakage 
at the moss-box was shut off, and the water was removed from the 
tubbing without difficulty and the rising main was lifted out of the shaft. 

After completion of these preparatory works, the boring plant was 
again got ready and boring was started with a borer 8*2 ft. diameter, 
and then with a borer having 18 ft. diameter. The false bottom, 
which could not be removed owing to the water shut up under it, 
weighed 15 tons, and was bored through without special difficulties 
after being split into pieces ; the shaft was sunk through 30 m. within 
five months, so that at a depth of 310 m. boring was terminated. Special 
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care was employed in concreting round the tubbing, and the kibbles 
were arranged to empty the concrete all at the same time on to the base 
of the shaft. The bottom 6 m. over the moss-box were backed with 
magnesia cement and the remaining portion with cement concrete. 

After the cement had been allowed to harden the shaft was drained, 
and it was found that this time the water had been successfully shut 
off. The cover and bottom were then removed, and the tubbing was 
completed in an entirely dry shaft. 

These last operations happily terminated the work of shutting off 
the water, which had lasted altogether for sixteen years. Boring was 
commenced on March 6, 1894, at a depth of 463 ft., and the shaft was 
watertight on February 1, 1900. Boring had, therefore, required five 
years and eleven months, while sinking through the upper 492 ft. of shaft 
lasted ten years. The Jessenitz shaft proves, again, that water can be 
shut off in salt with certainty, and not, as was then the opinion of many 
specialists when the water was shut off in the Thiederhall shaft, by a 
fortunate coincidence of various circumstances. Views of this nature 
still obtained ; for example, when the Beinrode works were sinking their 
shaft and cutting through the salt found water, they thereupon did not 
hesitate but preferred to sink an entirely new shaft. 

As already stated, such views can be considered to be refuted by the 
Jessenitz shaft ; at the same time, the shaft of the Benthe potash works, 
under the same conditions as at Beinrode and to which I shall return, 
furnishes a brilliant testimony that salt is well suited for shutting off 
water. Plate VI. shows the completed shaft, with the two tubbings and 
the bottom tubbing cover. 

3. Boring the Adolf von Hansemann Shafts (Plate VII.).— 
The Jessenitz shaft of the Mecklenburg Company was followed in 1896 
to 1898 by the boring of the shafts for the La Houve Mining Company at 
Krenzwald, for the Victor Company at Bauxel, and for the Mengede 
Mining Company's Adolf von Hansemann colliery. 

Tubbing having an inside diameter of 14 ft. 5 in. was used for 
rendering the shafts watertight at both the Victor and the Adolf von 
Hansemann pits. The transport of these rings was made possible by the 
co-operation of the State Railway Direction of Essen, which allowed 
the rails to be lowered about 12 inches at a road bridge over the railway, 
and at the same time arranged that they should be carried by special 
trucks. 

At the Adolf von Hansemann colliery, the interesting sinking 
operations at Shaft III. deserve to be mentioned because they prove that 
when considerable difficulties are encountered, boring is always the 
cheapest method. As early as 1873 Shaft I. was started in the usual 
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manner, and with infinite trouble and effort was only sunk to a depth 
of 754 ft. within thirteen years. The large quantities of water occurring 
at greater depths, which presented insuperable difficulties, principally 
caused the sinking operations to be suspended in 1886. 

Shaft II. in 1888 was started about 200 yards to the south of Shaft L 
With this shaft, the mining company were so far fortunate, that the 
water which came in during sinking remained within the limits which 
could be well dealt with by the pumps. 

The largest quantity of water amounted to about 1540 gallons per 
minute, but, nevertheless, during sinking such considerable difficulties 
had to be surmounted that it was five years before the shaft reached the 
coal measures. 

After the object had been attained with Shaft II., the sinking of 
Shaft I. was again attempted with the aid of the pumps on Shaft II. A 
drift was driven from Shaft II. under Shaft I. and, as far as the measures 
would allow, Shaft 1. was broken into from this drift. The drift 
was then provided with a strong masonry dam, with an opening for 
drawing off the water, and finally, so that the water could be directed 
to Shaft II., a bore-hole was made from Shaft I. to the drift. 

At Shaft II. there was a single and direct acting engine with bucket 
pumps. For safety the bucket pumps were replaced by plunger pumps 
capable of lifting 2200 gallons per minute. In addition to this engine 
at Shaft II., the large Woolf engine at Shaft I., with a maximum capacity 
of 3300 gallons per minute, and further a small underground pumping 
engine at Shaft II., could be brought into service. 

With all these pumps, the shaft was again quickly drained, but after 
sinking deeper 8800 gallons of water per minute had to be contended 
with, which again necessitated the stoppage of sinking operations. On 
August, 8, 1894, at about 200 m. to the north of Shaft I., the sinking 
of Shaft III. was commenced. The strata to be sunk through was 
about the same as in Shafts I. and II. : 

Quicksand, to 7*5 m. 

Green marl, 7*5 to 221*5 m. 

Upper green sand, 221*5 to 225 m. 

White marl, 225 to 251*5 m. 

Lower green sand, 251*5 to 2545 m. 

Goal measures from 254*5 m. 
The quicksand was sunk through with a sinking drum and afterwards 
sinking was continued in the usual manner ; the small quantities of 
water in the upper portions of the marl were stopped back by German 
tubbing to 45 m. below the surface, and from there the shaft was lined 
with brickwork, 
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At 190 m. below the surface a fissure was struck which brought in 
about 330 gallons of water per minute. Having encountered at the 
same depth water-bearing fissures in Shaft I., considerable increase in 
the inflow of water was to be expected. Sinking was for a time sus- 
pended, and to lift the water a bore-hole was driven 895 ft. iuto the 
drift. This bore-hole had a diameter of 9 inches, and was completed in 
six weeks. When sinking was again commenced, the water to be con- 
tended with increased so much that the bore-hole was unable to draw 
off the water, and the diameter of the hole was enlarged to 10 J 
inches. 

The shaft was deepened 20 inches, and then owing to an inrush of 
4800 gallons per minute the capacity of the pumps was overtaxed and 
the shaft was abandoned. 

Before abandoning the shaft the air-pipes and the supports of the 
guides were erected, the bottom of the shaft was cleared, and the dam 
door in the drift below was closed in all haste. The company had in 
the meantime decided to adopt the Kind-Chaudron method of boring, 
and preparations were immediately made at the surface. The construc- 
tion and erection of the boring tower, of the winding engine and the 
boring appliances and tools, occupied three and a half months. 

On August 10, 1896, at a depth of 195*35 m., boring was 
commenced with the small tool, which had a diameter of 8*2 ft.; the 
level of the water in the shaft being 53*4 m. ; on December 8, boring 
was stopped at a depth of 255 m. in the coal measures. 

With this borer 255 — 195 or about 60 m. were sunk by boring in 
four months. The daily advance of the tool, including all stoppages, 
was therefore 20 in. The greatest depth sunk in a month amounted to 
60 ft. 

Boring with the large tool of 16£ ft. diameter was commenced 
on December 8, 1896, at a depth of 195*5 m. The boring was ended 
on November 19, 1897, at a depth of 253 m. 

In eleven months 253 — 195 = 58 m. were bored, which represents an 
average advance of 6*8 in. per day of twenty-four hours. The greatest 
advance per month was 25 ft. 

From December 19, 1897, to January 2, 1898, the boring tools 
were put aside and preparations were made for lowering the tubbing. 
The* tubbing, which was sunk with cover and bottom, consisted of 57 
rings 14*4 ft. inside diameter, 3*9 ft. high and from 2f to 3f inches 
thick. 

The erection of the rings was started on January 2, 1898, and on 
March 4 the tubbing was completely lowered. The concrete backing 
occupied the time between March 15 to April 15. After the concrete 
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had stood six weeks, the water was removed, and the cover and bottom 
of the tubbing were lifted to the surface. On June 21, the moss-box 
was exposed, and it was found that the water had been completely 
tubbed back. Further sinking by hand to the base and building in the 
joining tubbing occupied four weeks, so that on July 20, 1898, boring 
operations were completed and sinking could be again continued in the 
regular manner. From the commencement of boring operations to the 
beginning of sinking from the base of the bore occupied twenty-two 
months, so that 8*9 ft. shaft were bored monthly. This shaft is 
represented in Plate VII. 

4. Shaft Boring at Kaiseroda (Plate VIII.).— The Kaiseroda 
Company had commenced sinking their shaft at Tiefenort, near 
Salzungen, on the Werra, in the usual manner by hand, and the water 
was lifted by pumps. The upper portion of the shaft was 5 m. 
diameter and was walled with brickwork to a depth of 34*8 m. From 
this point it was lined with English tubbing. As determined by a trial 
boring, the following measures had to be sunk through : 
From to 2 m. soil 

„ 2 „ 120 „ variegated sandstone 
„ 120 „ 166 „ broken slate 
,, 166 ,, 176 „ water-bearing dolomite 
„ 176 „ 205 „ variegated clays with gypsum 
„ 205 „ 207 „ grey rock-salt 
,, 207 „ 219 „ anhydrite with rock-salt 
„ 219 „ 225 „ red salt clay 
„ 225 and deeper, white rock-salt. 
The water to be contended with was : 

At a depth of 8*0 m. about 110 gallons per minute 



„ 34-8 „ 


„ 220-440 


., 44-3 „ 


„ 660 


„ 60-5 „ 


„ 880 


„ 80-0 „ 


„ 1100 


„ 114-0 „ 


„ 3700 



On entering the slate measures sinking conditions seemed to 
improve, because a wedging curb at a depth of 129*6 m. successfully 
stopped back most of the water. But after the next wedging carb at 
146 m. had been built and the portion of the shaft which had been 
sunk had been walled with English tubbing, the water again burst 
through at a depth of 148 m. 

Finally at the top of the shaft there were three single and direct 
acting pumping engines, which, however, were unable to contend with 
the water ; the chief difficulty was proved to be caused by seams of sand 
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running through the measures, which were washed out by the water and 
coming into the shaft was deposited on the bottom. 

Pumping had to be suspended to avoid continual washing out of the 
sides and the consequent falls, which might be dangerous to the portions 
of the shaft which were already lined with tabbing. 

Although the measures were not particularly favourable to the 
Kind-Chaudron process, and it had already been proved that the shaft 
would have to be lined with sheet-iron cylinders to prevent the sides of 
the shaft from falling in, the company decided in favour of boring, 
because no other method promised success. 

At the beginning of May the pumps were stopped, the sand and 
mud was, as far as possible, removed from the bottom of the shaft, 
which was filled to a height of about 8 m. with concrete. When 
the concrete had hardened, the shaft was drained and then all the 
obstacles present in the shaft — pumps, girders, stagings and other 
materials and tools — were removed. On August 16, 1897, all prepara- 
tions were so far advanced that boring could be proceeded with. 
There were two tools, one 2| m. diameter, the other 4*83 m. diameter. 
The latter was chosen, having regard to the necessary lining, as large 
as the already existing tubbing would allow. The concrete was bored 
through in the period between August 16 to September 10 with the 
large tool and then the small shaft was started at a depth of 147*55 m. 
On November 6 the small shaft had reached a depth of 167*24 m. 
The measures broken through consisted of blue and red clays, which 
are firm when dry but when exposed to water break up. As early as 
the middle of October ground that had fallen in was found in the small 
shaft; this was thought to come from the sides of the small shaft, and 
for this reason was considered to be of little importance. But as the 
small shaft in the beginning of November was again found to be filled 
with ground to a height of 1| m., and when the large tool was 
lowered into the shaft the former ledge at a depth of 147*5 m. could 
not be reached, it was evident that this was also covered with ground 
that had fallen in, no doubts remained that the sides of the large 
shaft were breaking in and that they must be protected with a sheet- 
iron cylinder. 

A cylinder made of boiler plates ^f inch thick, having an inside 
diameter of 15 ft. 6 J in., an outside diameter 15 ft. 9$ in. and a height of 
59 ft., weighing 65 tons, formed the lining. The plates forming the 
cylinder walls were riveted together. The lower end of the cylinder 
was bevelled to form a cutting edge ; the upper end, on the other hand, 
was slightly widened to allow the cylinder to be forced downwards by 
loading if necessary. 
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On January 15, 1898, the sinking of the cylinder was commenced 
and, after the bottom had been reached, the small shaft was bored with 
the small tool. The original bottom of the small shaft was again 
attained on March 4 at a depth of 167*2 m. By boring alternately 
with the small tool and with the larger one, which had been slightly 
reduced in diameter, the cutting edge of the cylinder was brought to a 
depth of 164 m. and allowed to remain there. It was then considered 
unnecessary to line the shaft further, the measures being believed 
to have become firmer. At a depth of 194 m. debris was again found 
to have fallen in, and the lining of the shaft was reconsidered. The 
management thought that this ground had caved in from the shaft 
sides immediately below the first sheet-iron cylinder, and that the 
measures at a depth of 194 m, were firm and suitable for shutting of! 
the water. The boring already approached the salt, and consequently 
the management was opposed to the placing of the moss-box in the salt 
bed. A height of 15 m. of unlined shaft was considered sufficient to 
obtain a good watertight joint by means of cement, and it was therefore 
decided to consider the boring as terminated and to suspend a sheet- 
iron liner by means of four ropes, in such a manner that the lower 
edge of the cylinder was held at a depth of 178 m. or 15 m. above the 
bottom of the shaft. A sheet-iron cylinder £ inch thickness, 15 ft. 3 J in. 
outside diameter and 49 ft. long, was therefore lowered into the shaft. 
The top of this cylinder was situated about 20 inches above the lower 
edge of the first liner, and the cylinder was held by four flat ropes, each 
having a section of 3 T V by T \. The shaft was cleared, all the debris 
that had fallen in was removed, and preparations were made for 
lowering the tubbing ; on November 10 the bottom of the shaft was 
again found to be filled up with ground that had fallen in and the shaft 
consequently had to be lined to the bottom. 

A third cylinder 14 # 5 ft. inside and 147 ft. outside diameter, 
64 ft. long and weighing about 53 tons, was lowered into the shaft on 
February 1, 1898. It settled on February 7 at a depth of 191*35 m., and 
as the shaft was bored to a depth of 194*37 m., there was therefore still 
3 m. of ground that had fallen in below the lining, which was easily 
removed. In order to obtain a sufficient length of unlined shaft for a 
watertight joint, the boring was continued to a depth of 203*5 m. 

The following works were continued without interruption. The 
boring tackle was removed and the tubbing was lowered on May 17. 
On June 5 the moss-box rested on the bottom of the shaft. By July 6 
the concrete backing was terminated. From August 15 to 26 the 
water was lifted out of the shaft, and the cover and the diaphragm 
of the tubbing was removed. On September 1 sinking operations were 
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continued, and an inflow of water, estimated at 55 gallons per minute, 
was encountered. In order to contend if necessary with increasing 
quantities of water, a Tomson water-winding plant was erected, which 
occupied about four weeks. Fortunately, when work was restarted, 
the increase was only found to be from 3 \ to 4£ gallons per minute. 
From October 1 to November 11, 20 ft. were sunk by hand to the 
anhydrite and lined with tubbing, whereby a secure shutting back of 
the water was attained. 

By the Kind-Chaudron method about 230 ft. depth of shaft was 
completed in twenty-seven months. This time would have been con- 
siderably shortened had the cylinders used for lining the shaft been 
ready when required. The cylinders had to be ordered and manufac- 
tured when they were found to be absolutely necessary, and conse- 
quently much valuable time was lost. 

Considerable time was also lost by the repeated boring of the 
ground that had fallen in and by the erection of the Tomson water- 
winding plant, which afterwards proved to be unnecessary. The 
result obtained can, under the circumstances, be considered satisfactory. 

5. Boring the Preussen II. and Scharnhorst Shafts. — 
In 1897 boring was adopted at Shaft I. of the Scharnhorst Colliery. This 
shaft was begun as long ago as 1873, and after a depth of 383 ft. had 
been attained, was abandoned. In 1898 boring of the Shafts I. and II. 
of the Preussen II. mine followed. 

In the seventies of the last century Shaft I. of Preussen II., 
formerly called Bertha Wilhelmine, had already attained a depth of 
753 ft. Owing to the large quantities of water sinking was again 
abandoned. 

Shaft I., Preussen II., was bored from 753 to 1220 ft., and Shaft II., 
Preussen II. from 780 to 1100 ft. 

These borings were the deepest which had been undertaken by the 
Kind-Chaudron method up to that time. 

The tubbing of Shaft I. was 13*4 ft. diameter and of Shaft II. 
14-4 ft. 

The 13*4 ft. tubbing had a height of 455 ft., consisted of rings from 
2£ to3f inches thickness, and weighed complete about 1536 tons. 

The 14-4 ft. tubbing had a height of 386 ft., consisted of rings from 3 
to 5 inches thickness, and weighed complete about 1349 tons. The 
cast-steel diaphragm weighed about 21 \ tons. 

6. Shaft Sinking of the Benthe Company, Limited, for- 
merly the Wallmont Company, Hanover. — The Hermann 
shaft of the Wallmont Company, afterwards the Benthe Company, 
Limited, was, on April 5, 1899, begun at about half a mile from the 
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village of Benthe, where a trial at Bore-hole V. had shown the following 
strata : 

to 4 m, top soil 

4 „ 33 m. red, dry clay 

33 „ 85 m. red and blue clay, with intercalated variegated 
sandstone 

85 „ 170 m. red and green marls, with bands of gypsum 

from 170 m. rock-salt. 
At May 30 the shaft had been sunk by hand to a depth of 33 m. 
and after it had been equipped with mechanical winding, sinking 
operations advanced so rapidly that on October 17 the rock-salt was 
reached at a depth of 163 m. At this .point small flows of brine 
appeared on the surface of the rock-salt. This brine, which contained 
about 29 per cent, of sodium chloride, increased in quantity to such an 
extent that the pumps, which had in the meantime been erected and 
. had a capacity of 880 gallons per minute, were not capable of lifting 
the same. Owing to the danger of washing out the measures, experts 
advised the avoidance of pumping by more powerful pumps; and as it 
had been proved at Jessenitz that the water could be effectively shut 
back in the salt, they advised boring by the Kind-Chaudron method. 
Towards the end of October it was decided to bore the shaft, and the 
firm of Haniel and Lueg were entrusted with the work. When they 
took over the shaft it was temporarily lined from 163 to 180 m., and 
permanently lined with brickwork from 130 m. to the surface. 
Moreover, the shaft, which had an inside diameter in the brickwork 
of 16 ft., was cleared of all pumps and stagings ; it was, therefore, only 
neoessary to put ia a coacrete floor about 13 ft. thickness to allow the 
tool to start on even ground. At the beginning of March 1900 all the 
preparations for boring were completed. 

The first time the large tool was lowered to test the ground it 
only reached a depth of 153 m., which was 6 m. above the concrete. 
Examination proved that the shaft was covered with clay, and that this 
had fallen from that part of the sides of the shaft which were tem- 
porarily lined at a depth of from 163 to 130 m. The occurrence proved, 
without any doubt, that the falling in of ground would be repeated and 
could only be prevented by lining this portion of the shaft with sheet- 
iron cylinders. The management, after considering the possibility that 
the temporary lining was capable of holding back the clay, decided to 
await definite proof before lining the shaft with cylinders and to bore 
the shaft to the full diameter with the large tool. The clay which had 
fallen in was removed and then the borer was lowered, which, at a 
depth of 157 m., touched again on firmer ground. On April 25 the 
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large borer reached the depth of 166 m., and stood entirely in rock-salt. 
The sludger had up till now always brought up rock-salt mixed with clay. 
A considerable falling in of clay had, however, not been established. 

On April 25 boring was started with the small tool and continued 
to the depth of 181*4 m. During this preliminary boring clay mixed 
with rock-salt was brought up, and in fact always more clay than rock- 
salt, a certain indication that the temporary lining was not holding 
back the clay and that the lining of the shaft with sheet-iron cylinders 
could not be avoided. 

On May 11 it was decided to procure a cylinder 16 ft. diameter, 
113 ft. long and ^f inch thickness, and to build in this lining only 
after the boring had been .finished ; this cylinder should only, when 
sinking the tubbing, guarantee the shaft from further falling in of 
the sides. 

Boring was continued till the, middle of July alternately with the 
large and small tool, and about this time the small tool had reached 
a depth of 197 in., and the large one a depth of 181 m. In th« mean- 
time the amount of ground which had fallen in was so considerable that 
the safety of the upper brickwork lining was threatened. The large 
tool had left a small ledge of rock standing at a depth of 163 m. in 
gypsum, which should have been the footing of the iron cylinder. 
After examination it was discovered that this ledge had been under- 
mined and no longer existed. Under these circumstances the shaft had 
to be lined at once. The cylinder to be lowered weighed no less than 
984 tons, and the existing sinking rods were not sufficiently strong, and 
therefore the cylinder was sunk in two halves. In order to provide a 
footing for the cylinder the shaft was filled to 163 m. with gravel. 
The under half was then allowed to drop to the new bottom of the 
shaft, and was held in position by six flat ropes each having a section 
of 3 T V by ^ in. These ropes were fastened at the surface and 
prevented the cylinder from sinking when the gravel floor was 
removed. In lowering the second half of the cylinder the six ropes 
attached to the under half served as guides, and in this manner both 
halves had a common axis. 

In the middle of September the cylinder was sunk, and was backed 
with slack, ashes and broken stones. This backing was necessary, 
because the spaces were too large and the sheet-iron cylinder might be 
forced aside in case of a one-sided falling in of the measures. 

The back was filled in by the aid of a conical cover placed over the 
cylinder, and the material thrown on to this cover was diverted to the 
space around the cylinder. It was feared that the material which had 
been filled in would not keep behind the liner when the shaft was 
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cleared ; to prevent this, the lower portion of the cylinder was provided 
with strongly hinged flaps, which were forced against the sides of the 
shaft by the weight of the filling. Although all these works were 
carried out with the greatest care, on examining the shaft the sheet- 
iron cylinder was found to be pressed oval to the extent of from 6 \ to 
7 inches. In spite of this undesired narrowing of the shaft no disad- 
vantage resulted, and the shaft, which still had a diameter of 16*2 ft. 
was large enough to allow the tubbing, which had a diameter of 
13*4 ft., to be properly sunk and cemented. 

On September 20 the gravel was removed, and on October 15 the 
original bottom, at a depth of 197 m., was again reached by the small 
borer. Boring was continued alternately with the large borer, reduced 
to 16*1 ft. diameter, and with the 8 2 ft. smaller tool ; after the 
first had reached a depth of 204 m. and the last a depth of 215 m., 
the boring was finished. Preparations werS started on January 18, 
1901, for lowering the tubbing. The tubbing was successfully sunk 
without special difficulties, and this work was terminated by March 4. 
The concrete backing was filled in from March 4 to March 29, and after 
the same had been allowed to harden during eight weeks, the drainage 
of the shaft was commenced on May 28. The shaft was found to be 
perfectly watertight, the shutting back of the water in the salt had 
succeeded in the most complete manner. 

Afterwards, when the shaft had been further sunk to 40 m. under 
the moss-box, a new spring was encountered in rock-salt, which com- 
pletely flooded the shaft and brought it to a standstill. Plate IX. 
shows the shaft completely lined with tubbing. The description of this 
work, though not of very great importance, is given as a further 
example of a shaft in which the water has been successfully shut back 
in rock-salt. 

7. Sinking the New Shaft of the Royal Wurttemberg 
Priedrichshall Salt Works, near Kochendorf (See Plate X.).— 
The sinking of this shaft is of special interest, because the conditions of 
the strata had been previously determined, and it was definitely known 
that water would be encountered only in two closely adjacent beds at 102 
to 103 m., but there in all probability in very considerable quantities. 
Arrangements were therefore made from the start, so that the Kind- 
Chaudron method -could be employed without further difficulty, should it 
be found to be necessary. 

Sinking was commenced by hand on January 21, 1896, at first. 
without steam-power, and only on April 18, 1896, were the winding 
and pumping engines started. The shaft was lined with faced tubbing 
segments, and had an inside diameter of 5*25 m. 
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When the shaft had been sunk 91 m., the ground was tested by 
putting down a bore-hole, and at a depth of 981 5 m., on October 9, 
1896, water was encountered. After stopping the bore-hole, the shaft was 
sunk to a depth of 923 m. and the tubbing was completed to a depth of 
91*8 m. ; pumps with a capacity of 2420 gallons per minute were erected. 
On December 16 sinking was again continued ; at 96*75 m. the pressure 
of water broke up the dolomite bank, which had a thickness of 1*6 m. 
The water increased to 880 gallons per minute and remained at this 
quantity and could be easily dealt with. After 101 m. had been 
reached, a trial boring was again made, and at 102*2 m. the second 
water-bearing layer was met, and the water was also found to be under 
great pressure. After the bore-holes had been stopped, the lower 
portion of the shaft was lined with tubbing in order to shut off 
the water in the upper bed, which was successfully accomplished by 
January 27. 

In the beginning of February the second water-bearing bed was 
reached, and the amount of water was too great to be lifted by 
the pumps. Judging from the rapidity with which the water rose 
in the shaft, the flow of water was estimated at 8900 gallons per 
minute. 

It had, however, been proved that only 5 ft. had to be sunk 
before the water-bearing bed would be reached, and that the water could 
be shut off by tubbing ; and it was then decided to make another 
attempt with increased pumping power. Two pumping engines were 
erected at considerable cost, so that the total capacity of the pumps was 
7480 gallons per minute. 

On August 6, 1897, pumping was commenced, and in a few hours 
the level ot the water was reduced to 75 m., then suddenly the rapid 
descent of the water-level ceased. Probably new fissures in the ground 
had been opened up for the flow of water. By greatly taxing the 
capacity of the pumps — 7260 gallons per minute was actually pumped — . 
it was found to be impossible to attain a greater depth than 88 m. At 
this level of water the bottom of the shaft was prepared by divers for 
the boring process, and pumping was stopped. 

After the water had risen in the shaft, a layer of concrete, 8 m. 
thickness, was deposited in the shaft and all arrangements were made 
for the boring process. On December 6 the shaft was drained and 
cleared of all timber work and pumps. The bottom of the shaft at 
95*25 m. on the concrete was prepared for boring. 

On May 3, 1898, everything was so far advanced, that boring 
could be proceeded with. The following strata had to be bored 
through : 
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•ova 95-5 


to 101-5 m 


„ 101-5 


„ 102-5 „ 


„ 102-5 


„ 103-15 „ 


„ 103-15 


„ 106-25 „ 


„ 106-25 


„ 106-95 ,; 


„ 106-95 


„ 107-49 „ 


„ 107-49 


„ 108-9 „ 


„ 108-9 


„ 109-64 „ 


„ 109-64 


„ 110-54 „ 


„ 110-54 


„ 1117 „ 


„ Hl-7 


„ 114-2 „ 


„ 114-2 


„ 120-0 „ 



concrete 

white dolomitic marl 

{gypsum with clay and seams of an- 
hydrite 
f gypsum alternating with clay and 
\ seams of anhydrite 

bituminous clay with seams of gypsum 

anhydrite 

clay with gypsum and anhydrite 

anhydrite 

fshale with gypsum and seams of an- 

\ hydrite 

firm bed of anhydrite 

shale with gypsum 

shale alternating with anhydrite. 



On May 3 boring was started with the small tool, which had a 
diameter of 8*2 ft., and after an interruption caused by again testing 
the ground for water by boring with a diamond drill, on June 30, 1898, 
boring was terminated at a depth of 120 m. The average daily advance 
of the small borer was 21 J in. 

Boring was commenced with the large tool of 17 ft. diameter on 
July 1, and ended on October 21, 1898, at a depth of 116*95 m. The 
average daily advance was in this case 78 inches. The water in the shaft 
was, as far as possible, cleared of boring debris and the boring plant 
removed and preparations made for sinking the tubbing. 

On November 4 the moss-box was got ready, and on November 14 
sinking was commenced. On November 24, 1898, the tubbing was 
closed. In the night of November 25-26, the tubbing was lowered and 
brought into position, the moss-packing being compressed from 3 feet 
2 inches to 1 foot 2 inches. The concrete backing was finished on 
December 5. 

In the middle of January the shaft was drained and it was found 
that behind the tubbing above and below the water had been success- 
fully shut off. The cover and diaphragm were removed, and on 
January 23, 1899, the shaft was free. 

On January 25 sinking was commenced by hand in order to build 
in the tubbing below the moss-box. This series of tubbing 7 '8 ft. in 
height was placed by February 15, 1899, and therewith the work of the 
firm Haniel and Lueg was at an end and the shaft was given over water- 
tight and 119*35 m; deep. Afterwards, to assure greater security and 
to facilitate the junction with the lower brickwork, a short series of 

C 
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tubbing segments 10*6 ft. high was built in under the tubbing. The 

tubbing had an inside diameter of 14*4 ft., and these large rings were 

carried by water from Dusseldorf to Kochendorf. 

The following statement gives the cost of boring and lining this 

portion of the shaft : 

£ s. d. 

1. Buildings, boring tower, &c 610 9 5 

2. Concrete floor 323 2 

3. Intermediate shaft for winding engine . . 844 6 7 

4. Erection and removal of boring apparatus, tools 

and materials , ... 1,605 9 4 

5. Boring plant and tools ..... 2,8.V7 16 7 

6. Hire of boring plant '651 4 .5 

7. Tubbing 3,100 12 9 

8. Transport of tubbing 344 13 5 

9. Wages, salaries, stores 5,613 12 1 

10. General costs 142 14 3 

11. Premiums and disbursements . . . 1,037 14 

£17,131 14 10 



If the selling value of the superfluous plant and boring appliances is 
reckoned at only £2131 14s. 10d., then the 31*4 m. of shaft lined with 
tubbing from 8795 to 119-35 m., equal to 34 J yards, cost £15,000, or 
about £437 per yard. This is certainly a very high cost, and is caused 
by the expensive installation having to be borne by such a short 
depth of shaft. The time occupied from December 6, 1897, to 
February 15, 1899, amounted to fourteen months, which corresponds to 
7*28 ft. per month. This apparently very unfavourable proportion 
acquires a different aspect when compared with the cost and progress 
during sinking with pumping. The depth from 302 to 331 ft., through 
which sinking occupied from October 9, 1896, to December 6, 1897, that 
is 29 ft. shaft, also required fourteen months ; this represents a monthly 
progress of 25^ in. Unfortunately, for this part of the shaft I have not 
the exact details of cost, but they can be easily estimated as follows : 

£ s. d. 

1. Three pumping engines 8,250 

2. Boilers, buildings, chimney 3,750 

3. Piping,.&c. 250 

4. Erection and removal 2,000 

5. Concrete floor 323 2 

6. Wages, salaries, stores 5,500 

7. Sundries ' 150 

8. Coal consumption 2,300 

£22,523 2 
Less selling value of engines and boilers . . . 7,200 

£15,323 2 

Cost of 9 m. = 9'8 yards or about £1563 per yard. '~^^™""^^~ 
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The cost of the concrete floor must be added to the cost of the 
attempt to sink when assisted by the pumps, because if at a depth of 
923 m. boring had been at once adopted, this concrete floor would not 
have been necessary and moreover time would have been saved. 

In addition to the cost of boring of about £15,000 for that portion 
of the shaft from 92*3 to 119*35 m., which was lined with tabbing from 
87*95 m. upwards, there must be added the sum of £15,323 2s. for the 
unsuccessful attempt with pumping, making a total of £30,323 2s. for 
the 31*4 m., or very nearly £910 per yard. 

This comparison again shows that sinking by boring, when adopted 
at the right moment, on account of its never-failing certainty, is often 
both the cheapest and quickest method if large quantities of water have 
to be contended with. 

8. Sinking the Potash Salt Shaft of the Alexandershall 
Company at Berka on the Werra.(See Plate XL). — The conditions 
of sinking in the shaft of the Alexandershall Company at Berka on the 
Werra until now have remained unique. At this shaft during boring, 
the water encountered at a depth of from 115 to 130 m. was under such 
a pressure that continuously from 660 to 880 gallons per minute over- 
flowed at the surface of the shaft. This occurrence in no wise astonished 
the company, because trial borings had already shown that when the 
dolomite was struck at a depth of 115 m. the water flowed out of the 
bore-hole in a powerful jet 10 m. high. Until the dolomite was reached 
nothing indicated the presence of large quantities of water. From the 
first it was evident that the measures above the dolomite could be sunk 
through in the ordinary manner with the aid of pumping, but that for the 
following strata only the Kind-Chaudron method could be considered. 

The first sod of shaft was cut at the beginning of June 1899 at about 
40 yards from Bore-hole II. on the road from Berka to Dippach. The 
ground to be sunk through consisted of the following strata : 
to 7*1 m. alluvium 

7*1 „ 61 5 „ lower variegated sandstone \ m • • 
61-5 „ 102-00 „ broken shale J * S1 ° 

102-00 „ 114-98 „ upper clays 
114-98 „ 130-00 „ dolomite 

130*00 j, 161-5 „ red clays with bands of gypsum 
161-5 „ 162*5 „ anhydrite 

162-5 „ 164-25 „ clays with bands of anhydrite 1 upper magnesian 
164-25 ,] 167-3 „ compact anhydrite J limestone, Permian 

167-3 „ 169*8 „ clays 
169-8 „ 181-00 „ compact anhydrite 

181-00 „ 191-00 „ saliferous clay ' , 

from 191 m. rock-salt. 
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No special difficulties were encountered in sinking the shaft to the 
broken shale. 

On July 24, at a depth of 20*45 m., the first wedging curb was laid, 
then ten rings of tubbing 18 ft. diameter and 5 ft. high were built up, 
and the space between the back of the tubbing and the sides of the shaft 
were filled in with concrete. The water, which amounted to 792 gallons 
per minute, was shut off to 242 gallons per minute. When sinking was 
agaiu resumed, the water increased to 880 gallons perm inute without, 
however, continually remaining at this amount. The variegated sandstone 
was found to be somewhat fissured. On blasting, when these water- 
bearing fissures were exposed for the moment, sm increase in the flow of 
water took place, which again diminished when the fissure had emptied. 
At a depth of 34*5 m. the measures were found to be firm and suitable 
for laying a wedging curb. After the necessary preparations, the second 
wedging curb was laid at a depth of 35*8 m., and with the series of 
tubbing which was built up the water was shut off to 132 gallons per 
minute. 

By continuing in a similar manner, the shaft was finally completed 
to a depth of 101 m. The flow of water was at first dealt with by 
pulsometers, afterwards by a duplex pump, and as this had not the 
necessary capacity, by a single and direct acting pumping engine 
having a steam cylinder 55 inches diameter and 10 ft. 4 in. stroke, and 
which, with two lifting sets, each having a bucket 20 in. diameter, 
could raise from 1541 to 1761 gallons of water per minute. 

On May 8, 1900, sinking was stopped and preparations were made 
for boring by the Kind-Chaudron method. In the middle of July these 
preparations were terminated, and boring was started with the small 
tool of 8-2 ft. diameter at a depth of 101*33 m. At a depth of 115 m. 
the dolomite was struck. The level of the water in the shaft, which was 
5 m. below the surface, suddenly rose 5 m., so that about 88 gallons per 
minute overflowed at the top of the shaft. As the small borer advanced 
further, the overflow of water increased to from 660 to 880 gallons per 
minute. Boring with the small tool was continued to a depth of 
133*6 m., that is 2 m. under the dolomite. At this period such large 
quantities of ground fell in from the measures between 100 and 115 m. 
that it was considered advisable to line this portion of the shaft with a 
sheet-iron cylinder. The shaft was then widened to 17*6 ft. diameter 
to a' depth of 111 m. with the large borer, and the cylindrical lining was 
placed in the shaft. This had a diameter of 17*4 ft., a height of 59 ft., 
and a thickness of 1 - x \ in. After the cylinder had been lowered to the 
bottom of the shaft at 111 m., it was forced down 2*83 m. deeper by the 
large borer, and stood with its lower edge at a depth of 114*13 m. Then 
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the large shaft was bored to a depth of 115 m. with a tool corresponding 
to the diameter of the cylindrical lining, and then further bored with the 
small tool. On January 9, 1901, the small shaft had. reached a depth 
of 153 m., and therefore had penetrated 23 m. in the red clays. Ground 
that had fallen in had been found for a considerable time in the small 
shaft, which necessitated lining of the shaft from a depth of 115 m. 
downwards. Boring in the smaller shaft was stopped, and at a depth of 
115 m. the large tool was again started. During boring the first cylin- 
drical liner sunk to 118 m. When the large tool had reached a depth 
of 139 m., the sides fell in so frequently that the portion of the shaft 
that was already bored had to be lined without delay. The cylindrical 
liner was 16*4 ft. diameter, 65*6 ft. high, and £ inch th : .*3k. After it 
had been sunk, boring was again continued with a tool of similar 
diameter to the liner. The liner reached and remained at a depth 
of 141 m. At this depth the character of the measures changed. 
They became harder and showed no tendency to fall in. It was therefore 
found possible to finish boring the small shaft at a depth of 170 m. 
and the large shaft at a depth of 166 m. About 25 m. of rock, whose 
character and depth gave sufficient guarantee that the water could be 
effectively shut off, existed below the second cylindrical liner. 

The tubbing was sunk in the interval between November 15 and 
December 18. A series of tubbing of 4100 mm. inside diameter and 
82 m. in height was employed. The space between the tubbing and the 
sides of the shaft was filled with concrete under special conditions aud 
for this reason was the cause of frequent consultations. The water 
from the shaft overflowed at the top of the shaft and had the character 
of flowing water which could not be shut off with concrete. Accord- 
ing to former experience and observations, it was clear that the 
water originated principally in the dolomite measures, and that the 
measures below the dolomite carried no water. If the water over- 
flowed at the mouth of the shaft, then the layer of water from 130 
to 166 m. must be stagnant, and this would facilitate the setting of 
the concrete. By shutting off the water at the bottom of the tubbing 
the object of boring had been attained, because the water could be 
shut off above in the most unfavourable case by continuing the tubbing 
rings to the surface. The shaft was, however, lined with ordinary 
tubbing to a depth of 97 m., and under ordinary conditions to keep 
out the water it is merely necessary for the tubbing to be of such length 
that it will penetrate for about 15 m. into the shaft thus lined; 
accordingly, means were sought under the existing altered conditions 
to attain the object with this length of tubbing rings and thereby 
economise tubbing. 
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About 20 yards from the shaft the ground was about 2\ m. lower. 
This circumstance suggested to the consulting engineer of the company, 
Mr. Naderhoff of Heme, the idea to bore a large hole at this position 
to the dolomite, and thereby allow the water to flow out through this 
bore-hole, so that it could be diverted from the shaft. If necessary, the 
outer brickwork of the shaft could, after being lined with tubbing, be 
built up several yards above the level of the ground, and so increase 
the difference of pressure. 

The bore-hole was 27 to 39 in. in diameter, and was commenced 
and completed during the boring of the shaft. The result was 
not entirely satisfactory, because a part of the water overflowed as 
before at the mouth of the shaft, while another part of the stream 
flowed through the bore-hole. The condition attained was at the same 
time more favourable for concreting than before, because it was possible 
to shut off the water at a greater depth in the upper portion of the 
shaft. 

Concreting was then proceeded with in the following manner: At 
first the tubbing was concreted from 166 to 130 m. in still water ; then 
the space in the dolomite from 130 to 115 m. was filled in with coarse 
gravel. The gravel was intended to allow the water to enter the bore- 
hole and to hinder the water from rising in the shaft ; then filling up 
with fine gravel and sand until the water in the shaft was at a stand- 
still ; then the remaining upper portion of the shaft was concreted in 
the ordinary mariner^ 

Oq December 18 arrangements were made for concreting. In the 
middle of January the under portion of the shaft to a depth of 124 m. 
was concreted. Then the outer brickwork shaft was built up to a 
height of 2 m. above the ground, and the outflow opening under the 
head of the shaft was closed. The water in the shaft then rose in this 
built-up shaft to 1 # 84 m. above the ground level, and with the excep- 
tion of small leakages through the brickwork nearly all the water 
flowed through the bore-hole. From 124 to 114 m. the space behind 
the tubbing was filled in with gravel, and from there the tubbing ,was 
again concreted. 

On February 1, 1902, the concreting was finished. 

On March 10 the draining of the shaft was commenced. It was 
then found that the water had been effectively shut off, there being only 
small leakages at the upper portion of the tubbing caused by the water 
rising slowly during concreting. This was easily remedied by building, 
up two rings of tubbing and by stamping concrete behind them. 

On March 27 the diaphragm was removed and sinking was com- 
menced in order to build in the jointing tubbing. This was done 
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before. the middle of April 1902, and thereby the boring of the shaft 
was terminated. 

9. Sinking the Potash Salt Shaft of the Friedrich 
Franz Company, near Liibtheen, Mecklenburg. — The 

Government of the Grand Duchy of Mecklenburg, during the years 
1874 to 1880, sunk seven bore-holes in the neighbourhood of Liibtheen, 
in close vicinity to a fiscal gypsum quarry. Four of these proved the 
existence of an important deposit of potash salt, and two were left 
standing in rpck-salt. In the year 1895 the Government of the Grand 
Duchy conceded the right of mining to the mineowner, Sholto 
Dpuglas/, who at the end of 1895 commenced sinking a shaft on the 
edge of the gypsum quarry. The position of the shaft was chosen 
owing to sinking beginning in gypsum, and at all other points various 
beds of sand and clay would have to be sunk through. 

The Bore- hole No. 1 in the immediate vicinity had the following 
section : 

7 3 m. yellow sand 

white sand 

fine bluish sand 

coarse sand 

gypsum with sand and clay 

firm gypsum with clay 

firm gypsum 

alternating grey and white gypsum 

white gypsum 

alternating grey and white gypsum 

white gypsum 

firm bluish gypsum 

white gypsum 

very firm bluish gypsum with anhydrite 

white gypsfcm with selenite 

soft white gypsum 

g re y gyp snm 

gypsum with bands of salt 

anhydrite with gypsum 

saliferous clay. 

At the shaft the gypsum quarry had a depth of about 15 m. The 
quarry was first drained, and then a shaft of 18*3 ft. inside diameter 
was built up in brickwork. The shaft so formed was then sunk deeper, 
and the water was lifted by pulsometers. The gypsum was found to be 
much fissured, and great difficulties were encountered owing to the 
large quantity of water met with. At the end of 1896 the shaft had 
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attained a depth of 36 m., and eight pulsometers were unable to keep 
the shaft free of water. 

After this failure, preparations were commenced for einking by 
boring with the Kind-Chaudron method, which were completed in the 
middle of April 1897. On April 20 the small borer was lowered for 
the first time, and thereby on October 19 a depth of 142 m. was 
attained. Boring with the large tool to a depth of 142 m. followed 
with the same facility. During further boring the advance was less, 
owing to the inclination of the strata and to the increasing hardness 
of the ground. From 180 to 205 in. special difficulties were encoun- 
tered, and the measures not only had considerable dip and were of 
considerable and irregular hardness, but also were very much fissured. 
Broken teeth invariably remained in the shaft, and were jammed in the 
crevices and fissures and could not be brought up. The pieces of iron 
remaining on the bottom of the shaft caused further hindrance to 
boring and reduced the daily progress still more. Owing to the 
unfavourable character of the ground considerable difficulty was 
encountered in keeping the shaft vertical, and frequent correction was 
necessary. Many difficulties and mishaps were experienced in boring, 
of which the following was the most disastrous. 

On May 16, 1899, when the small borer had reached a depth of 
203 m., and the large one a depth of 179 m., while deepening the 
small shaft the rod broke just above the small borer. All attempts to 
seize the borer and lift it to the surface failed. Without doubt the 
upper end of the shaft of the borer was embedded in a fissure in the 
sides of the shaft and prevented in this manner all attempts to catch 
hold of it. After fruitless attempts, which lasted several months, it 
was decided to leave the borer there and to continue boring with the 
large borer to where the small borer was embedded, and then eventually 
to bore round it. 

In order not to mud up the small borer it was covered with a layer 
of sand. Boring with the large tool advanced very slowly owing to 
the dip of the beds and to their fissured character and to their varying 
hardness, and only towards the middle of April 1900 was the broken 
small borer reached. All attempts to bore round it with a stilt- 
borer, and so to expose it, failed owing to the hardness- of the ground. 
The long stilts of the borer sprung so considerably that their breaking 
off was feared. 

Attempts were then made to break up the embedded tool with another 
borer, and these were successful. Within four months the borer was 
brought up to the surface in pieces of various sizes and the bottom of 
the shaft was again cleared. 
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Boring again advanced regularly. On November 13, 1901, the 
depth of 242 m. was attained, at which the moss-box was to be built in. 




Fig. 5. — Large borer with circular guide, provided with cutting teeth on the 
under edge. — Friedrich Franz Company. 

On examination of the shaft with a wooden template, irregularities 
were found in the sides of the shaft, which had to be removed. 

While, the shaft was being trued it was found that the large borer, 
with guides lengthened to 7 m., was unable to cut into the bosses on 
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the sides of the shaft ; it was accordingly lifted to the surface and 
fitted with a circular guide 3*5 m. high,. the under edge of which was 
provided with catting teeth ; this arrangement has always given 
satisfactory results in similar cases, e.g., at Jessenitz. It was considered 
that opposite to the boss in the side of the shaft a fissure or furrow 
must be found of considerable length, which allowed the borer, in spite 
of the long guide, to deviate from the boss into the opposite side of the 
shaft. This consideration was proved to be correct by the result. The 
illustration, Fig. 5, shows the. borer with the new circular guide. The 
other illustrations, Figs. 6 and 7, give an idea of the arrangements 
made for boring and sinking the tubbing and require no further 
explanation., At the beginning of March 1902 the work had 
progressed so far, that, though after examination with a template 
several bosses were found apparently of little importance, it was 
thought that the lowering of the tubbing could be proceeded with 
without any risk. Unfortunately this assumption was found to be 
wrong, because whjen the base of the tubbing had reached a depth of 
143 in. it sunk no further, and on March 23 it was decided to lift the 
tubbing out of the shaft in order to reduce the diameter of the moss-fax 
and remove the irregularities on the sides of the shaft. 

During the summer of 1902 the tubbing was sunk and concreted. 
However, it was found that leakages of water, though not important, 
existed under the moss-box. When the diaphragm and cover had been 
removed with considerable difficulty and the bottom of the shaft could 
be examined, it was found that the greater part of the water came from 
thin crevices in the measures and a smaller part from behind the md>ss- 
box, and the last mentioned from the intersection of the above- 
mentioned Crevices with the sides of the shaft. 

Sinking operations were continued, but owing to the water increasing 
so rapidly it was found necessary to abandon the shaft and allow 
it to be flooded. 

In any case boring had to be started again. The tabbing had an 
inside diameter of 12 ft. ; the tool could only have a diameter of 11*8 ft. 
Boring was done in one operation ; as the preliminary use of a small 
tool, owing to the small diameter of the shaft, would not have been 
profitable. At the end of May 1904, at a depth of 285 m., a point was 
attained which experts considered suitable for making a new attempt to 
shut off the water. After the necessary preparations the new tubbing 
9*8 ft. inside diameter was built in; and by the beginning of July 1904 
the space behind the tubbing was filled in with concrete. At the / 
beginning of August the drainage of the shaft was .commenced. 

Unfortunately, after a short time it was discovered that there was an 



SHAFT SINKING BY BORING 



43 



inrush of water, and although it could be so far kept down with two 
water kibbles that the cover of the tubbing could almost be reached, it 
was found impossible to remove the cover, owing to the water increasing 




Fig. G. — Sinking engines of the Friedrich Franz Company. 



to such an extent that the plant at hand was not capable of dealing 
with it. The space under the diaphragm and a portion of the rising 
main was filled with concrete. After this concrete had been allowed to 
harden an attempt was made to drain the shaft, and the leakage was 
found to be in the upper part of the tubbing. It was then decided to 
add nine rings to the upper end of the tubbing ; the rings were 5 ft. 
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high, and were lowered in series of three bolted together at the surface. 
Each series of three rings was so arranged that it was lowered exactly 
in line with the top ring of tubbing. The lower series of rings was 
provided with a lead joint. The two following series had a joint of 
lead and india-rubber. The rings were erected as desired with the 
lowering hooks and rods. The space from the original tubbing to the 
new tubbing was then filled up with concrete. After the concrete had 
been found to be sufficiently hard, in the beginning of December 1904 
the shaft was again drained, and it was this time found to be 
satisfactory. 

10. Sinking the Georg Potash Shaft of the Grossherzog 
von Sachsen Company, — In the potash salt district of Thuringia 
the above-named company started sinking operations at Dietlas on 
January 12, 1898, in the neighbourhood of the already existing shafts 
at Kaiseroda and Bernhardshall, belonging to the same company. 

Experience showing that probably large quantities of water would 
have to be contended with, arrangements were made for providing a 
powerful pumping plant ; and in the shaft all preparations were made 
so that at any time boring could be adopted. Even at a depth of 5 m. 
water was encountered, which gradually increased, and at a depth of 
100 m. amounted to from 330 to 440 gallons per minute ; at a depth of 
from 117 to 122 m. it increased to 1550 gallons per minute. 

The water came from the open crevices in the variegated sandstone. 
The shaft, which had an inside diameter of 17*2 ft., was lined from 
the surface to a depth of 266 m. with tubbing, supplied by Haniel and 
Lueg, the flanges of which were machined and provided with lead 
joints. At the depth of 190 m. the water was nearly completely shut 
back; the tubbing was, however, continued to the above-mentioned depth, 
partly because small leakages appeared and partly because the nature of 
the measures rendered the same desirable. Below 266 m. the shaft was 
quite dry, and the shaft was continued from that depth to 340 m. and 
lined with brickwork. 

At this depth a bore-hole was put down with a diamond drill to 
examine the lower measures. This proved the presence of water, and 
being prepared by the experience gained in the neighbouring shafts, it 
was decided to continue the sinking of the shaft by the Kind-Chaudron 
method, and the work was entrusted to the firm of Haniel and Lueg. 

After the shaft had been cleared and a small shaft 8*2 ft. diameter 
had been prepared at the bottom of the shaft to guide the small borer, 
and after the works at the surface had been completed, boring was 
commenced on March 21, 1901, with a small tool having a diameter of 
8-2 ft. 
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Boring advanced satisfactorily in the broken shale which had at first 
to be passed through, and in June 1901 the dolomite was reached. In 
this rock boring started favourably. It however soon became hard and 




FlG. 7. — Shaft ring run in over the shaft ready for lowering. 
Friedrich Franz Company. 



fissured, causing the breakage of the teeth of the borer and considerable 
loss of time. On August 7, 1901, at a depth of 38790 m. the dolomite 
was passed through and blue clay and red marls were reached, the latter 
being traversed by bands of anhydrite. 
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From the nature of the strata it was believed that from 400 to 410 m. 
was a suitable depth for placing the moss-box, and for this reason boring 
operations were suspended on October 20, 1901, with the small borer at 
a depth of 412*30 m. 

Boring with the small tool, with the exception of several breakages 
of teeth and rods, had advanced regularly, and very little ground had 
fallen in, and the broken shale was found much firmer than at Kaiseroda. 

On October 25, 1901, boring was started with the large tool, which 
was 16*27 ft. diameter, and advanced satisfactorily till the dolomite was 
reached. In the dolomite great delay was caused by the teeth of the 
borer breaking, and a considerable amount of rock fell in from the shale 
beds above, and for this reason it was decided to suspend a sheet-iron 
cylinder above the dolomite having a length of 39 ft. This cylinder 
weighed about 36 \ tons and was suspended in the usual manner by four 
flat ropes. 

After this work had been terminated boring was continued, and with 
many difficulties caused by the nature of the dolomite, this rock was 
passed through at the end of September 1902. 

A delay of six weeks was caused by a breakage of the rods, causing 
thirteen rods to fall in the shaft and getting fixed at various points. 
Afterwards, in spite of the great depth, boring progressed regularly to 
a depth of 402-20 m., at which point, on March 15, 1903, it was 
" stopped* In order to obviate the anticipated falling in from the shale 
beds above the first sheet-iron cylinder, a second cylinder 44 ft. long 
was placed above the first, and this was completed on March 25, 1903. 
The shaft was carefully cleaned and all mud was removed, great attention 
being paid to the latter operation, as it had been remarked when boring 
that the shale beds made very large quantities of fine mud, which it was 
feared would have a bad influence on the concrete. 

After the necessary preparations had been made, the lowering of the 
tubbing was started on April 15. 

During the night of May 7-8 the tubbing was lowered with 
the Hook apparatus. When the under edge had reached a depth of 
about 284 m., and after an unexplained increase of weight of the tubbing 
had Ijeen remarked, the sling by which the tubbing was suspended 
broke. The tubbing fell freely some 120 m. in the shaft, the velocity of 
fall being determined by the difference in specific gravity of the iron 
cylinder and water contained in the shaft. The tubbing thus reached 
the bottom of the shaft quite slowly, as was determined by direct 
observation, and landed without shock. It must be here remarked, 
that examination proved that the tubbing was undamaged and had 
remained watertight. Although the increasing load of the tubbing 
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undoubtedly could only be caused by a leakage of water, everything, 
including the cover, diaphragm and rising main, was found to be in 
perfect condition. 

When the tubbing had reached the bottom of the shaft it was 
examined and found to be at the right depth and position in the shaft, 
and arrangements were made for filling the space between the tubbing 
and the sides of the shaft with concrete. Unfortunately, the sheet-iron 
cylinder in the shale beds was not quite straight, as had been pre- 
viously found out by the large borer touching it and by the template, and 
two of the grabs were prevented from reaching the bottom of the shaft. 
Consequently the lower portion of the shaft, unfortunately, where it was 
most important that the water should be shut back, could only be 
concreted with two grabs. Otherwise the concrete backing advanced 
without further difficulties and was completed on May 30, 1908. 

After six weeks, on June 14, the drainage of the shaft was com- 
menced. When the depth of 136 m. had been attained it was found 
impossible to cope with the water, and it was ascertained that the water 
flowing from the measures amounted to 290 gallons per minute ; it was 
supposed that the leakage came from below the moss-box and Tose 
through the rising main. The water was very muddy, and the amount 
of water increased to 320 gallons per minute, so that on July 17 the 
drainage of the shaft was suspended. ; 

The space below the diaphragm and a part of the rising main were 
filled with concrete by injecting rather coarsely ground cement with a 
large quantity of water through a small pipe suspended in the rising 
main. This was done on August 31, and in 1J days 35 tons of cement 
were injected. 

After four weeks the shaft was again drained, and this time the 
cover of the tubbing was reached without difficulties and was lifted 
to the surface on October 11, 1903. Drainage was continued until 
the bottom was reached, and the tubbing was found to be perfectly 
watertight, except at the top, where the wire ropes supporting the sheet- 
iron cylinder came through the concrete, a small leakage through the 
concrete existed ; this was afterwards stopped by adding several rings 
of tubbing with concrete backing. 

The steel diaphragm, after having been provided with a strong valve, 
was drilled through, and it was discovered that under the diaphragm 
there was a leakage of 18 gallons of water per minute at a pressure of 
41 atmospheres. The water was very muddy and contained a large 
quantity of carbonic acid. 

The water was therefore not shut back successfully, and at the great 
pressure corresponding to the depth the diaphragm could not easily be 
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removed, and moreover larger quantities of water were to be feared ; it 
was therefore decided again to inject cement, in the manner first 
suggested by Portier. 

. The tubbing plates were drilled through at various places, in the 
same manner in which the diaphragm had been previously drilled, 
and through the holes water was drawn off. In most cases the 
water was thick and muddy ; at a few places the thick mud oozed 
through the holes. The mud was for the most part clay and marl, of 
impalpable fineness, partly also clay mixed with cement. In this 
manner large quantities of mud were drawn off, and the water in the 
tubbing had also contained large quantities of mud, a considerable 
quantity having been found on the cover of the tubbing. Before 
the concrete was deposited everything had been done to remove 
the mud from the water in the shaft ; the quantities of mud now found 
must therefore be considered to have been partly suspended in a state 
of , great fineness in the water in the shaft and partly dissolved in it as 
carbonic acid compounds. Fresh heavier mud was formed by the 
deposit of the concrete, which mechanically carried down part of the 
suspended mud ; the water in the shaft, by the presence of lime in the 
cement, was rendered capable of attracting a portion of the carbonic 
acid from the carbonic acid compounds and in this manner forming a 
precipitate. 

The origin of this amount of mud can be explained only in the above 
manner. How great the quantities of mud were is shown by the holes 
drilled through the lower portion of the tubbing : at the place where the 
two grabs travelled, two dense columns of cement were formed, and the 
corresponding holes allowed no water to pass ; on the other hand, in the 
narrow band between these two columns and the entire remainder of the 
circumference, water and mud were found. Even the waterways and 
ditches at the surface were filled up with mud. 

It is evident that in these circumstances, the concrete could not give 
good results. 

Turning back to the process of injecting cement. After water and 
mud had been drawn off from the various holes until the water that run 
off was clear, cement was immediately injected through a pipe 1 J inches 
diameter, lowered from the surface into the corresponding hole until it 
could take no more. The pockets of mud in the concrete in the lower 
portion of the tubbing were systematically found and washed out, and 
in this manner the lack of concrete caused by the deposit of mud was 
removed. 

On November 25, 1903, this work was finished, and in this manner 
about 39 tons of cement were placed behind the tubbing rings. After 
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the cement had been allowed to harden sufficiently, the removal of the 
diaphragm was started, and it was found that the result obtained was 
entirely satisfactory, because the water was almost entirely shut back, 
the leakage under the moss box amounting to only about 1 gallon 
per minute. 

The diaphragm was brought to the surface on December 30, and the 
work of shutting back the water and the necessary tubbing was satis- 
factorily completed, so that an entirely watertight shaft was obtained. 

This shaft sinking is of special interest, because it is the deepest 
of the shafts which have been bored up to the present time, the under 
edge of the tubbing being at a depth of about 1335 ft. The sinking 
further proves that with the boring method, even under difficult con- 
ditions, as was caused in this case by the mud, a definite result can be 
obtained, the injection of cement is a welcome remedy for improving 
a concrete filling which is not entirely successful. 

11. Shaft-boring in the Shaft of the Ronnenberg Alkali 
Works Company, Limited, Hanover. — In the third part of 
this book; in the explanation of the freezing method, the sinking of the 
shaft of the Ronnenberg Alkali Works, Ronnenberg, near Hanover, is 
described to the depth where the freezing method had to be abandoned 
owing to the water breaking through at 125 m. at the limit of the firm 
gypsum measures. Like the Benthe-Wallmont shaft, the lower part 
of the shaft, from 105*4 m. to 125 m., was not permanently walled, and 
was only temporarily lined with timber cribbing; this rendered boring 
exceptionally difficult. The result was not only that the freezing-plant 
had to be kept at work for a longer period ; but also this portion of the 
shaft had to be lined with a sheet-iron cylinder to prevent the sides 
from falling in. This great waste of time and the enormous 
expense caused could have been saved if the tubbing had been hung 
under the wedging curb, and continued as the sinking of the shaft 
proceeded. The advantages of under-hanging have been sufficiently 
described in Part I. in the account of the Zollern and Emscher-Lippe 
shafts. The author has recommended the under-hanging method with 
frozen measures as well as with other shaft sinking for several years 
past, but until now it has not proved successful with frozen shafts. 

On November 29, 1901, the water broke through at a depth of 125 m., 
in the middle of December 1901, the bottom of the shaft was covered 
with a layer of concrete 8 m. high, and on top of this gravel was filled 
to 111-5 m. 

After the shaft had been examined with a template, a further amount 
of gravel was filled in to 104*5 m., and then from January 21 to March 8, 
1902, attempts were made to freeze the flow of water by straining as far 
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as possible the capacities of the freezing-plant. The shaft was then 
drained to the gravel, and again on March 24, 1902, the water broke 
through and the shaft was flooded. 

The freezing method was then abandoned and preparations were 
made for the erection of the boring plant. The lower portion of the 
shaft, which was not yet definitely lined, was safeguarded by lining it with 
a sheet-iron cylinder ; this operation was commenced on July 29, 1902, 
and after the concrete at the bottom of the shaft had been bored through 
on November 11, 1902, was continued on November 12, 1902, and 
finished on December 9, 1902, because on that day the cylinder definitely 
reached its position. On December 10, 1902, boring operations maybe 
said to have commenced, the sheet-iron cylinder being at the same time 
sunk. The cylinder had to be frequently cut on the under edge to 
keep it sinking. The work of boring, which was disturbed by several 
breakages of the borer and of the rods, was stopped on July 8, 1903, the 
small borer being at a depth of 156 m. and the large one at a depth of 
151 m., in order to build in a third sheet-iron cylinder which had been 
found to be necessary. 

At the end of July this cylinder was lowered, and a trial boring 
was made at the bottom of the shaft with a diamond drill to ascertain 
the character of the beds and the position of the water-bearing strata. 
On September 15 this boring was completed, resulting in the depth of 
185 m. being selected for the moss-box. 

Boring was now resumed, and continued again with many mishaps. 
Incidentally it may be mentioned that once, after a breakage of the rods 
the large borer, owing to the lifting hook with which it had been recovered 
breaking, fell a distance of 30 yards in the shaft without injury. 

On January 22, 1904, boring operations were suspended, the small 
boring having reached a depth of 193*00 m. and the large one a depth of 
183'68 m. After preparations had been completed for the erection of 
the tubbing rings, on February 17, 1904, the lowering of the same was 
commenced and on March 24, 1904, successfully ended. Between 
March 30, 1904, and April 23, 1904, corresponding to the character of 
the measures the space behind the tubbing was filled in with concrete ; 
in the lower portion of the shaft in the salt measures, magnesia cement 
was employed, and above Portland cement was used. 

In the beginning of July the water was lifted out of the shaft, and 
it was found that the water had been completely shut back, so that the 
joining tubbing course could be built in. After this had been satisfac- 
torily carried out the shaft was handed over absolutely watertight by 
the firm of Haniel and Lueg to the Ronnenberg Company. 
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12. Boring 'and Lining with Tubbing at Great Depths.— 

In modern times at many mines shafts have to be sunk to a depth of 
600 yards and more, and cases will occur in which sinking by boring 
must be resorted to. 

The calculation of the thickness of cast-iron tubbing for a shaft 
400 m. (1312 feet) deep, an inside diameter of 44 m. (14 feet 5 inches) 
and a crushing strain of 800 kilogrammes per square centimetre 
(11,378 1b. per square inch) gives the very considerable thickness of 
110 millimetres (4'8 inches). 

With a thickness of from 4 to 5 inches the limit at which the rings 
can be cast with reliability and owing to their weight can be trans- 
ported without abnormal difficulty has been attained. A higher 
crushing strain than 800 kilogrammes is not to be recommended, and 
there is no advantage in employing cast-steel, owing to this material 
having the same resistance to compression as cast-iron. At greater 
depths the diameter of the tubbing must be as far as possible reduced, 
if the lower rings are to be of a thickness that can be cast. The 
great disadvantage of reducing the size of the tubbing is the section of 
the shaft which becomes insufficient to contain the necessary appliances 
for working, such as winding, pumping, &c. 

Mr. Tomson, general manager of the Dahlbusch Mining Company 
at Gelsenkirchen, proposed, as stated by Mr. L. Hoffmann in Gliickauf, 
No. 17, April 27, 1901, for the two shafts sunk at Werne, belonging 
to the Georgs-Marien-Hiitte, Osnabrtick, which have a depth of 
1903 ft. to the coal measures, in case they would have to be bored, 
to place in the shaft, 19 ft. diameter, two series of tubbing 8 2 ft. 
diameter and two series of tubbing 5*3 ft. diameter arranged side by 
side and to fill in the spaces between the tubbing cylinders with concrete. 
The two 8*2 ft. cylinders were for winding, and the two others for 
pumping and the transport of miners. 

The thickness necessary for the 8 2 ft. tubbing, 9*5 ft. outside 
diameter, for a depth of 1903 ft. was found to be 4£-in., which is 
within the limits of construction. 

This arrangement, patented (German Patent No. 99867) by Mr. 
Tomson, of placing several tubbing cylinders side by side in a common 
shaft was not adopted at Werne owing to boring not being found 
necessary, and the coal measures were reached by hand. 

13. Biemer's Double Tubbing. — Instead of reducing the 
diameter of the tubbing, as far as possible to enable the rings to be of a 
thickness that can be cast, the requisite thicknesses may, as the author 
was the first to suggest, be obtained for a large diameter by the adoption 
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of two concentric tubbing cylinders, one within the other, if the space 
between the two consists of a material under pressure, either compressed 
air or water or even concrete. 

If, for example, the thickness of each of the two cylinders corre- 
sponds to a pressure of 30 atmospheres and the space between the two 
cylinders is filled with compressed air at a pressure of 30 atmospheres, 
the two cylinders may be sunk at the same time to a depth of 
600 yards. The outer cylinder is then exposed to a pressure of 
60 — 30 = 30 atmospheres, and the inner cylinder to 30 atmospheres; 
both cylinders are, however, strong enough to resist this pressure. 

Apart from the double tubbing having practical thicknesses it can 
be lowered into the shaft with fewer difficulties; the difficulties of 
lowering tubbing of great thickness and consequently of great weight 
being almost insurmountable. 

For a shaft bored to a depth of 600 yards the lower tubbing ring, 
taken as an example to be 13*4 ft. inside diameter, and 8 9 ft. height, 
would have a thickness of 7£ in. and weigh 30 tons. The weight of 
the necessary moss-box would be about 100 tons. 

The tubbing would be sunk in the following manner : 

Above the water-level in the shaft a platform would be erected 
and on this platform the moss-box would be put together. After the 
first ring of tubbing had been built up, the sinking gear would be 
attached, and the whole load lifted a little and the platform removed, 
and then the tubbing lowered so far into the water until the upper 
end is about \ m. above the surface of the water. At this position as 
the tubbing displaces about 28 tons of water, a load of (100 + 30) — 28 
= 102 tons, has to be supported by the sinking gear. The water 
displaced by each further ring of tubbing added amounts to 18 tons. 
The weight of a ring 3'9 ft. high is 30 tons. Each time the tubbing is 
lowered the height of a ring the load on the sinking gear is increased 
12 tons. Even if the decrease of thickness of thje rings towards the 
surface be taken into consideration, the increase in the weight of 
the tubbing to be sunk will soon reach such proportions that no sinking 
gear will be able to support it. 

With double tubbing the several rings have half the thickness and 
approximately half the weight. The moss-box is first lowered with tha 
outer rings. The water displaced by each ring is 18 tons ; the weight of 
each ring is only 15 tons ; each time the tubbing is lowered a distance 
equal to the height of a ring, the sinking gear is relieved of a load equal 
to three tons. The difference between the weight of a ring and the 
water displaced increases as the thickness of the ring decreases, and a 
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moment is soon reached at which the tubbing floats and there is conse- 
quently no load on the sinking rods. 

In very deep shafts, owing to the surplus buoyancy caused by the 
thin upper rings of the outer tubbing, it is possible to carry the weight 
of the inner tubbing. If the outer tubbing has sufficient surplus buoy- 
ancy, the rings of the inner tubbing can be built up on the bottom of 
the outer tubbing and continued with the building up of the outer rings. 
If the inner tubbing has reached a sufficient height, the space between 
the two cylinders can be closed at the top and fitted with compressed air 
at the necessary pressure. After the outer tubbing rings have been 
built up to the required height, the tubbing can be lowered without 
danger. 

If the cylinder is resting on the bottom of the shaft, the compressed 
air is replaced by water, and the space between the outer tubbing and the 
sides of the shaft is filled in with concrete. The annular space between 
the two cylinders must be kept filled with water to the necessary height 
in the finished shaft in order to relieve the pressure on the outer cylinder 
unless it is preferred to fill this annular space with concrete. Naturally 
in deep shafts the series of tubbing is very long, and in many cases 
exceeds the length necessary to render the shaft watertight. In such 
cases the concrete backing of the outer cylinder is only continued to the 
required height, and the rings above this height are removed. 

In cases where only a short length of double tubbing is necessary, 
the following method of sinking may be adopted. 

The outer tubbing is first lowered with diaphragm and cover, and is 
filled with compressed air. The air is supplied by a pipe attached to the rods, 
and the pressure of the air must correspond to the depth and continu- 
ally increase as sinking proceeds ; the air pressure must never exceed at 
the most half the exterior pressure. If the cylinder is on the bottom 
of the shaft, the air is replaced by water, and then the outer cylinder is 
concreted in the usual manner. Then the cover, which is provided with 
an arrangement which allows it to be lifted up under water, is brought 
to the surface and the rising main is removed. This diaphragm is 
then bored through, and the inner cylinder is sunk with its cover and 
diaphragm with the use of compressed air, or the diaphragm is allowed 
to remain in the shaft and the inner cylinder is placed on the 
diaphragm. 

As can be seen, the method of sinking the tubbing depends on its 
length, and in each special case this must be studied. It must further 
be noted that the use of double tubbing with compressed air or water 
under pressure for sinking tubbing, first originated from suggestions 
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made by the author, and it has already been patented (German Patent 
No. 125789) by the firm of Haniel and Lueg. 

14. Tubbing with Divided Rings without the Aid of 
Buoyancy. — Lately the author has again taken up the idea of lining 
bored shafts with rings composed of segments. Naturally they could 
not be sunk by the aid of buoyancy, owing to the impossibility of making 
them absolutely watertight, especially at the crossing points of the 
vertical and horizontal joints. If this method attained its object, the 
advantages would be considerable, because in the first place the boring 
process is freed from the fetter which now limits the inside diameter of 
the tubbing to 13'4 ft. maximum owing to the dimensions of the railway 
gauge, and secondly, every depth can be bored and lined, because the 
diameter of the shaft is no longer limited, the shaft can be started as 
large as necessary, and as many linings as required to withstand the 
pressure can be placed the one within the other. The process which the 
author proposes, and for which a patent has been applied for, will now 
be described. 

In order to be able to consider this process as practical, two problems 
must be solved. The process can be practised by sinking the rings 
separately or several segments bolted together. The first and most 
important problem consists in lowering and placing the bottom ring 
exactly in the middle of the bored shaft, and the flanges must be fixed 
in an absolutely exact horizontal position. The central position can 
easily and with certainty be attained by lateral guides against the sides 
of the shaft. It is, however, never known whether the bottom of the 
shaft is level or not, or whether one side is not covered with rocks that 
have fallen in ; a simple placing of the ring on the bottom of the shaft 
would certainly result in an oblique position, and the following rings 
would when built up soon come in contact with the sides of the shaft. 
For this reason the author has proposed to suspend the bottom ring in a 
special appliance in an exact horizontal position near the bottom of the 
shaft, by means of the boring rods, and when the ring is perfectly 
still to embed it in concrete. After the concrete has been allowed 
to harden sufficiently, and the ring is thereby on a sure founda- 
tion, the hook appliance is removed and other rings are lowered 
and placed on to the bottom ring. In order to place the rings concentric 
with the ring below, suitable guides are provided. The horizontal flanges 
can naturally not be bolted together under water ; the final bolting 
together can only be done during the drainage of the shaft. A suspended 
platform is then lowered, and each flange as it appears above water is 
finally bolted together and rendered watertight. The temporary joints 
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of the flanges placed loosely one above the other is the second difficulty 
of the problem. Fortunately, the means at the disposal of mechanical 
construction are numerous and sufficient to guarantee a solution of 
the problem with a definite result. In addition to the lead joint which 
can afterwards be caulked to obtain a watertight joint, a second joint 
must be provided, consisting of an elastic material which is capable of 
making a good joint, merely under the pressure of the tubbing and 
through the pressure of water itself, sufficiently durable for the time 
occupied by the construction of the tubbing. The form of this joint 
is the round india-rubber in a triangular groove as employed with proved 
success in the construction of mining pumps. It would lead too far to 
review all the various details of construction which have had to be con- 
sidered and studied in order to guarantee the results ; it will only be 
assumed that the column of rings, having a freely selected diameter to 
satisfy the requirements, has been built up in the shaft to the desired 
height. No moss-box, diaphragm or cover being required, the concrete 
filling is done in the usual manner. 

After the concrete has hardened, the shaft is drained and the 
horizontal joints are bolted together. Only one of the two flanges at each 
joint is provided with holes drilled at the works, because it would not be 
possible to make the holes in both coincide exactly when the rings 
are lowered into their position one above the other. While descending 
the shaft on the suspended platform, the holes in one of the flanges 
must be drilled ; this is nowadays an easy task, and can be done quickly 
with several electric drills. 

As no cover nor diaphragm has to be removed, further sinking can be 
therefore immediately started, and in most cases, no moss-box being 
present, a special jointing tubbing is not necessary ; however, this can 
always be employed to increase the security of the undertaking. 
Whether the tubbing continues to the surface or ends under water has 
no influence on this process. If the depth is too great for a single 
lining owing to the thickness required, two or more cylinders can be 
built up in the lower portion of the shaft, the one within the other ; the 
manner of working is .exactly similar to the process, which is also the 
invention of the author and subject of German Patent No. 125789, as 
described above, in which the outer cylinder is first built in and the 
space between it and the sides of the shaft are filled with concrete, and 
then in the lower portion of the shaft the second cylinder is built 
up and the annular space between the two cylinders is either filled in 
with concrete or maintained full of water. 

If this process is once used with a good result, this shaft-boring method 
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will without doubt gain many friends, because it renders the system 
free from the drawback of a restricted diameter, which has always 
been the cause of the most complaints. For great depths, where 
the process is to be employed in accordance with German Patent 
No. 125789, the possibility is much more important, inasmuch as 
below a certain depth the boring process is paramount, because the 
freezing process has for physical reasons no longer to be taken into 
consideration, as will subsequently be explained. 

15. Reliability of the Boring Process. — It will be seen that 
very strenuous work is being done in this branch of mining, and that 
the manifold difficulties which are encountered at every shaft sinking in 
other and new form are always overcome with success. It can be seen 
from the accompanying list of borings which have been made by the 
Kind-Chaudron method of shaft sinking, not only that the process is 
very frequently employed, but also, in spite of the greatest technical 
difficulties, it has never failed.* It must, however, be mentioned that the 
process is almost without exception employed only as. a last resource, 
when all other possible methods have been tried without result. For 
this reason only small portions of these shafts have been sunk by the 
boring method, and in each case those parts of the shaft in which very 
serious difficulties were encountered. This circumstance explains that 
the charges made against the process from time to time of slowness and 
high cost are not based upon a fair comparison with other methods. A 
process, which even under the most difficult conditions has always given 
a definite result, can in no manner be compared intelligently with the 
methods which have failed with a similar problem. It would be like 
comparing the sinking of two shafts by hand and concealing the 
fact that one was perfectly dry and the other had to be sunk when 
water amounting to 2200 gallons per minute had to be contended 
with. 

In many cases, if it was known beforehand that a portion of the 
shaft must be bored, an advantage would be gained if boring was started 
before the difficulties of hand sinking with the aid of water-lifting 
appliances had become insurmountable. Then boring would start under 
more favourable conditions, a more rapid advance and a better average 
output would be possible, and the expensive outlay on plant would be 
divided by a greater depth of shaft. 

By proceeding in this manner most of the very great expense, which 
is occasioned by forcing the last possible yard of the depth of the shaft, 

° Reference has been made to the Cannock and Huntingdon failure (Trans- 
lator). 
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would be saved, an J probably the greater length of shaft would be bored 
quicker and cheaper than the shorter portion bored in other cases, 
including the lr.r.t yard sunk through at the bottom of the shaft ; 
inasmuch as the costs of working during sinking when large quantities 
of water are encountered are large and progess is small; on the 
other hand, the working costs of a boVing shaft in progress are very 
small. 
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PART III. 

THE FREEZING METHOD. 

1. Introduction and General Description. — In all probability it 
hardly occurred to many of my readers of the last part, describing the 
shaft boring method, what an audacious and intelligent process was 
placed before them. In order to understand the magnitude of the Kind- 
Chaudron process one must turn to the times when it was first started, 
which are difficult to imagine, as one is accustomed to consider the 
process as an everyday occurrence. 

In the days when shafts were sunk in firm water-bearing measures, 
if the water from these measures attained such a quantity that it 
could not be contended with, the work was finished, or, in other words, 
the shaft was lost. It is therefore easy to conceive the sensation 
Kind caused, when he started to bore a shaft under water to its full size, 
proceeding in exactly the same manner as with an ordinary explora- 
tory bore-hole of small diameter, and then, after the proposed depth had 
been attained (at the present time, as described in the preceding chapter, 
shafts are bored to a depth of 400 yards), and while still under water 
the shaft was walled to secure the sides. The material originally 
employed, with varying results, for the tubbing was wood. Cast-iron 
tubbing due to Chaudron, the Belgian engineer, and his ingenious 
method of sinking and lowering it gave the new sinking method a 
definite form. Chaudron, in conjunction with the celebrated German 
bore-master Kind, formed the Societe Anonyme de fonpage des puits 
Kind et Chaudron, and then in a very short time brought the 
process to such perfection that shafts are bored with almost unfailing 
certainty. 

In the important and more recent method of freezing we have to 
deal with the utilisation of a no less audacious and brilliant idea. 

The inventor, F. H. Poetsch, who in 1883 introduced the process, 
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naturally had not worked entirely without precedent ; in 1862 in Wales 
a small shaft was sunk with artificial cooling. Tn Siberia, too, shafts 
were, and even at the present time are, sunk by utilising the intense 
natural cold of the climate, by allowing the bottom of the shaft to 
freeze and then thawing it and bringing the material excavated to the 
surface. In this manner shafts have been sunk there, to a depth of 
78 ft. in sand measures. As a rule, however, the depths are generally 
much less. Even through the water of rivers, shafts can be sunk in this 
manner. During the autumn a wooden casing is placed in the river 
at the proposed place and stones are heaped up around and within the 
casing. During the winter sinking is proceeded with as described and 
the measures below the bed of the river are reached. 

Those interested in the former history of the freezing process will 
find sufficient information in the instructive paper by Mr. F. Schmidt, 
of Paris, on "Die Benutzung des Gefrierverfahrens zur Ausftihrung 
bergmannischer Arbeiten " in the " Zeitschrift fur die gesammte 
Kalteindustrie," 1898, published by E. Oldenbourg, Munich. 

The process consists of freezing the[running ground, Vhich, owing to 
its natural condition and want of consistency, cannot be worked by 
hand by the miner. 

The method originally employed by Poetsch, which is still made 
use of, mainly consists in sinking at the circumference of the shaft, 
a little outside the inside diameter of the proposed shaft, a series of 
bore-holes lined with tubes to the zone of the firm measures, and then 
the freezing mixture developed by the freezing machine is allowed to 
circulate in those tubes. Through the cooling resulting, the ground 
around the outside circle of each tube is frozen, and the diameter 
of this circle of ice gradually increases. The distance of one of these 
vertical tubes from the other is generally from 31 to 39 inches, so that, 
when the columns of ice so formed have attained this diameter, they 
must eventually touch one another, and a further continuation of 
freezing will close them together and form a wall of ice. The thickness 
of this wall of ice continually increases, until the whole of the ground 
within the shaft has frozen hard enough to give solidity. The paper 
by Mr. F. Schmidt, to which reference has been made, gives some 
interesting particulars concerning these conditions. 

The ground, frozen to a solid block of ice, is sunk through by 
hand with the careful use of light explosives. Former attempts with 
partial thawing by means of steam pipes have not been continued. 
In sinking by hand, the cold is not found to be disadvantageous; 
complaints are only made concerning the difficulty of drilling the 
holes for the cartridges. Sinkii>g is generally done in sections with 
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brickwork lining, or in the case of large shafts end great depths with 
tubbing. Between the lining and the frozen sides of the shaft, coal dust, 
which is a bad conductor of heat, was formerly filled in, afterwards dry 
concrete was used, which took its water necessary for setting from the 
ground on thawing, or else damp concrete was employed which was made 
to set rapidly by the addition of alkalies. The joining of the water- 
bearing measures with the firm ground is generally made below the frozen 
portion by brickwork and a wedging curb. The process has, it is true, 
been carried out in many cases with good results, but many mishaps 
have to be recorded, which were partly caused by want of experience in 
the new process, and also owing to the limits of its advantageous 
application not being known. These mishaps have proved that this 
process is not capable of. universal application. 

2. Limits to the Freezing Process. — The depth at which the 
process can be employed has a limit which is fixed by physical reasons ; 
the position of this limit varies according to circumstances, and cannot 
be exactly determined. Eecent physical researches have shown that 
the apparently exhaustive studies of the various conditions of an 
aggregate body are not always so complete as is generally thought, and 
that, as an example, solid bodies, even stones, without losing the cohesion 
of their particles, can be made to flow under the influence of pressure. 
Several technical processes, for instance forging and the pressing of 
leaden pipes, in which the pressure and increases of temperature co- 
operate, depend on the flow of metals. 

Ice is also not an absolutely solid body, and even at a low pressure 
is comparatively plastic, that is, it changes form or flows without being 
{laid or thawing. The author, who some years ago had the opportunity 
of making experiments with ice at a temperature of - 20° Centigrade and 
under a pressure of 20 atmospheres, forced it through dies into rods of 
corresponding section, without thawing the ice. A wall of pure ice 
would at a depth of 200 yards be as plastic as clay, and not capable of 
remaining standing. 

Naturally these limits are much higher if the frozen wall does not 
consist of pure ice, but of a mixture of ice and sand or clay, because 
then the internal friction is much greater, and the limit of fluidity is 
correspondingly higher. 

In the same manner the limits are higher if small sections of pure 
ice are enclosed in portions of solid ground, as is the case with frozen 
fissures. 

It is known that when common salt is added to water, it becomes 
difficult to freeze, and that the freezing-point is lowered more or less 
according to the amount of salt added, and finally, after sufficient 
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cooling, the ice produced is less firm or rather more brittle than ordinary 
ice. It is quite clear, without any further explanation, that the point 
of fluidity of an ice of this description containing salt is much more 
unfavourable under pressure than with pure ice. It is also known that 
the strength of all solid bodies after solidification in the immediate 
neighbourhood of the point of solidification when further cooled 
commences to increase rapidly and afterwards increases slowly or remains 
stationary. There is no reason to assume that ice is an exception to other 
solid bodies. There are but a few exceptional bodies, which in passing 
from the solid to the fluid state, do not pass through the gradual softening 
or hardening, known as the plastic state. Ice does not belong to this 
class of bodies. For this reason it cannot be assumed that the conditions 
at considerably lower temperatures would be otherwise, and for this 
reason, in my opinion, the hopes placed by many in the so-called deep 
freezing process are of a very uncertain character. In any case it is 
evident that when the freezing method is employed at greater depths, 
most careful consideration of the conditions must be given, because 
there is no doubt whatever that the process is limited to a certain 
depth. 

The deepest shaft sunk by the freezing method to my knowledge will 
be that of the Schieferkaute Company, which may have to be frozen to a 
depth of 240 yards. The ground at the shaft is, however, of a favourable 
character, as at the bottom there is a firm clayey sand, which can only 
contain a small quantity of water, and when frozen, according to the 
explanation above, must become very firm ; it is, however, none the less 
possible that indications, small effects of pressure and otherwise, may 
be remarked, which may aid in determining the limit to the freezing 
process. The sinking of this shaft is being undertaken by Haniel and 
Lueg by the freezing method, and the author will therefore have the 
opportunity of further studying the question. 

The freezing process has had most frequent application in Germany 
and France, and in the last-named country it has been used successfully 
for somewhat considerable depths. The methods adopted in the older 
sinkings are only of historical interest at the present time, and it is 
unnecessary to repeat the details. They have been treated at length in 
the above-mentioned paper by Schmidt, and I may therefore confine the 
contents of the present chapter to a description of several of the more 
recent applications. 

3. Shaft Sinking of the " Hansa-Silberberg " Company 
at Empelde, near Hanover (Plates XII. and XIII.). — The measures 
to be sunk through at this shaft were determined by trial boring, and 
Bore-hole H. 1 showed the following section : 

£ 
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The inclination of the solid. beds was on an average 40°. From the 
results of the boring, it was evident that manifold difficulties would be 
encountered in sinking. 

On November 7, 1896, the first sod of the new shaft was cut, and 
sinking was started with a masonry drum. The brickwork had a cast- 
iron sinking shoe 29*35 ft. outside diameter at the cutting edge, it was 
constructed in the usual manner, and its parts were solidly connected 
together and to the brickwork. The sinking drum was made slightly 
smaller towards the top, and the outside was covered with planed boards 
in the usual manner to reduce the friction. Sinking with the sinking 
drum was ended at a depth of 41 ft. in a firm bed of clay, and the 
brickwork was supported underneath by a brickwork curb, in which an 
anchor ring was placed for a resistance to the presses. On top of this 
the brickwork lining of the sinking shaft was built up. Above on the 
brickwork lining the abutment for the hand presses was fixed, which 
was attached to the anchor ring below by 30 anchor rods, 2 \ inches 
diameter inside the brickwork lining. Above the pressure ring, the 
brickwork lining was built up to the surface. In the lower portion of 
the brickwork lining on the inner side of the same 10 vertical I 
girders, 6 inches high and 191 feet long, with an inside diameter of 
19*36 ft., were built in as a guide for the iron sinking drum. 

The iron sinking drum, which was built in on a clay foundation after 
completion of this work, had an outside diameter of 19*15 ft. The 
inside diameter was 18 ft., and the rings were in 80 segments 4*9 ft. 
high. The cast-steel shoe had a cutting edge 5860 mm. diameter. 
Thirty 100-ton hydraulic hand presses were employed to press down 
the drum. These could be worked by men standing on a suitable 
suspended platform. 

For removing the debris, the well-known sack borer was provided. 
It was worked by a hollow tubular rod, ending at the top in a massive 
rod, to which the driving arrangement on the boring carriage com- 
municated the necessary motion. 
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The borer was, however, need without the sack and only for breaking 
up the ground, and the debris was, each time the borer was brought to 
the surface, removed by a Priestman grab worked by the winding engine. 
The iron drum sunk through its own weight to a depth of 25 m., and 
from that point the aid of the presses was utilised. When the cutting 
edge reached a depth of 37 m. the drum could not be sunk further, 
although it was under-cut by the borer and the pressure exerted by the 
presses was increased to a total of 2500 tons. A collapse resulted from 
these vain attempts, causing the shaft to incline from the vertical. 

Anew iron sinking drum was then lowered into the shaft. This 
drum had an inside diameter of 14*7 ft., and was also provided with a 
steel shoe, and all the rings were in ten segments and had a thickness of 
2f inches. The pressure ring was reduced to the required diameter, and 
sinking operations were continued in the former manner. The cutting 
edge was brought to a depth of 62 m., where it could not be forced 
deeper in the firm clay measures. After many vain attempts it was 
decided to abandon the work of sinking and to attempt further sinking 
by hand. A layer of concrete 1*5 m. thick was placed on the bottom of 
the shaft, and after it had hardened the shaft was drained. After the 
shaft had been rendered water-tight, a number of trial bore-holes were 
put through the concrete on the circumference of the shaft. These 
examinations proved that £ of the surface of the shaft was quicksand 
and § of it was clay, to a depth of from 6 to 7 m. under the bottom of 
the drum. Sinking by hand was therefore out of the question, and it 
was decided to employ the freezing process. 

The application of the freezing process was entrusted to the firm of 
L. Gebhardt, of Nordhausen. 

The freezing pipes were placed inside the 14*7 ft. sinking drum, in a 
circle of fourteen pipes having a diameter of 136 in., and a depth of 
56 m. from the bottom of the shaft was fixed for them. 

It was proposed to sink a preliminary shaft to a depth of 115 m. 
within the pipes in the frozen block, and then at that depth to 
increase the diameter of the shaft to beyond the circle of the freezing 
pipes, so that a wedging curb could be laid having a diameter of 14*7 ft., 
equal to the diameter of the second iron sinking drum. 

When this was completed, it was proposed to remove the frozen wall 
and step by step to build up tubbing segments behind the freezing 
pipes, disregarding the assumption that the frozen wall would remain 
standing even without continuing the freezing. 

This manner of working was decided upon to economise time and 
freezing pipes. If the freezing pipes were placed outside the shaft, and 
bored from the surface, then, owing to the greater circumference, more pipes 
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would be necessary. In this case twenty-six pipes would be necessary, and 
26 x 115 = 2990 m. would have to be bored, and by placing the pipes with- 
in the shaft only 14 x 56 = 784 m. had to be bored. This difference 
of 2206 m. (7240 ft.) at 13s. 8£d. per ft., equals £4962. It must be further 
remembered that at depths between 36 and 45 m. difficult pebble beds had 
to be sunk through in case the pipes were placed outside the shaft. The 
fixing of the pipes inside the shaft caused in addition many difficulties. 

A further layer of 1*5 m. concrete was placed in the shaft on top of 
the original concrete, which was cracked by the trial borings. On this 
concrete a circular casing 3*5 m. inside diameter with the division of the 
bore-holes was placed. On this cast-iron division (Plate XIV.) stand 
pipes with top and bottom flanges were fixed, and these pipes were 
19 \ feet long. The series of stand pipes was filled up with concrete to 
a depth of 1 m. Six of these stand pipes were vertically continued 
to the surface and the others were closed by blind flanges. 

The freezing pipes were then bored into the pipes which had been 
continued to the surface, and when completed the pipes were displaced 
and the others were bored one after the other, until all the fourteen 
holes were bored. At the commencement one boring apparatus was 
used and afterwards two. It was at first proposed to place the freezing 
pipes in the unlined holes and to provide them with closed welded ends ; 
this could not be carried out, as it was found that at a depth of 95 to 
100 m. the sand could not be bored through without a liner. For this 
reason the pipes provided as freezing pipes were placed in the holes as 
liners and were left open. 

The actual freezing pipes were 5^ ]n « outside and 4 T 5 ^ in. inside 
diameter and were screwed together in lengths of 5 m. with screwed 
nipples and were tested to a pressure cf 25 atmospheres. These pipes 
also had to be put into position without closed ends, because they were 
partly forced down with the help of water pressure. The pipes were 
afterwards closed with a special cast-iron screwed stopper screwed in 
position with the help of a rod. 

When a freezing pipe was in its correct position, of course inside the 
stand pipe which reached to the surface and with a temporary prolonga- 
tion which also reached to the surface, the lining was removed and the 
joint of the freezing pipe within the division plate was made. To make 
this joint, a cast-iron conical ring, which was covered with india-rubber — 
and on this were placed two leaden conical rings, fitting one into the 
other — was inserted into the hole of the division plate and around the 
freezing pipe. These leaden rings were then rammed from the surface 
by a pipe in the guiding pipe and round the prolonged freezing pipe. 
After this work had been done to all the fourteen pipes, all the stand 
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pipes and all the prolongations of the freezing pipes, as far as they 
were situated above the position which was reserved for the distributor 
of the freezing solution, were removed. For further safety a stuffing- 
box was placed between the freezing pipes and the upper ends of the 
stand pipes. The two pipes, in the form of rings for the inlet and out- 
let of the freezing mixture, were erected above the freezing pipes at a 
depth of 42 m. and were connected by small tubes to the inner and 
outer parts respectively of the freezing pipes. In order to make the 
description clearer, I refer the reader to Plate XIII., which represents 
the shaft in the condition in which it was found to be at the end 
of 1901. 

The refrigerating plant was an ammonia machine, of the Linde type, 
and consisted of a single cylinder steam engine with a cylinder 19|£ in. 
diameter and 39f in. stroke, with lift valves, direct coupled to the 
compressor and driving the auxiliary plant by belting. 

Two condensers and two refrigerators were provided, having 
respectively about 5*9 and 6*5 ft. diameter and a height of 9*8 ft. In 
addition a pump was provided, which had a capacity of 15,000 gallons 
per hour, to circulate the solution, and an oil separator to remove the 
oil from the gases. 

The freezing liquid employed was a solution of chloride of 
magnesium. Plate XII. gives a plan of the freezing plant. 

On May 21, 1899, the freezing plant was started ; unfortunately, as 
early as June 18 work was interrupted by the freezing pipes bursting 
one after the other, when the solution was at a temperature of 21° 
Centigrade, and the solution overflowed into the measures. In order to 
remedy this evil, the freezing pipes were removed, and in each of the 
damaged outside pipes a pipe of smaller diameter was inserted, in which 
a rising and falling tube was placed. A drawing of these improved 
pipes is given in Plate XIII. 

After the freezing machine had again been started, on August 1 , 
1899, sinking operations were resumed. After the concrete floor had 
been sunk through, the shaft was found to be entirely frozen. As 
sinking advanced the frozen sides of the shaft were temporarily lined 
with flat iron rings, having an inside diameter of 11*3 ft., which 
were suspended one from another by hooks at distances of 3*28 ft. and 
backed by beechwood planks 1 inch in thickness. In the frozen mass 
compressed powder was used, and sinking advanced regularly from 
10 to 13 ft. daily, until at a depth of 78£ m. on September 14, 1899, a 
few drops of water appeared from the remains of a shot-hole. While 
investigations were being made to determine whence the water came, a 
terrible inrush of water took place, which amounted to abont 9000 gallons 
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per minute, so that the sinkers at work in the shaft could only save 
themselves with difficulty. Attempts made to drain the shaft on 
October 21 and November 15 were fruitless, and proved that the hole 
was not yet frozen. For this reason two additional freezing pipes were 
sunk to a depth of 78 m., and on December 23 the shaft was drained 
and work could be resumed. The shaft was temporarily provided 
with channel iron bars, cleaned of cMbris and the ice removed. When 
a depth of 76 m. had been attained, the Government Inspectors of 
Mines ordered twenty-eight bore-holes to be put down for the 
safety of the sinkers, and for an investigation of the measures down 
to the gypsum. "While this work was in progress, on February 23, 
1900, at a depth of 79£ m. water rushed through one of the holes, 
and the flow was so strong that it could only be stopped with con- 
siderable difficulty. While further steps were being taken during the 
night of February 28 when the shaft was standing idle, an inrush 
of water took place, which was not noticed until the shaft was entirely- 
flooded. The shaft was thus filled with debris washed down from the 
measures to a depth of 62 m. Two freezing pipes were again sunk in 
order to freeze the ground that had fallen in, and at first to attain the 
division plate at a depth of 42 m. The bursting through had each time 
occurred in. the neighbourhood of freezing pipe 1 (Fig. 8). Then two 
freezing pipes 15 and 16 were put down outside the sinking brickwork 
drum. After the two pipes 15 and 16 had been employed, the 
shaft was again filled with sand to a depth of 62 m. After the shaft 
had been cleaned, sinking was again resumed as before, but the 
diameter of the shaft was made smaller, so that the rings of the 
temporary walling had only a diameter of 9*5 ft. When the bottom of 
the shaft was at a depth of 76 m., on August 31, 1900, water was 
bored into between bore-holes 10 and 11, by an advance bore-hole at 
a depth of 79 m. The shaft was then flooded for the third time. 

Twelve further holes were then bored to a depth of 115 m., outside 
the sinking wall, in order to form a second concentric frozen zone 
having a larger diameter. There were, however, various large openings 
(Fig. 8). After the freezing pipes had been placed in position and the 
distributing, collecting and connecting pipes had been inserted, all 
these pipes were connected to the freezing machine, and thereby a 
second frozen wall was obtained around the first. 

When it was believed that the cold had worked sufficiently, sinking 
was continued as before with a diameter of 2*9 m., and a depth of 86*2 m. 
was reached, where the shaft stood entirely in gypsum. A position had 
been reached considerably below the place where the former inrush oc- 
curred. This critical position was, however, found to be permeated by the 
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freezing solution. While occupied with the preparations for the wedging 
curb, on December 28, 1901, at a depth of about 80 m., between the 
freezing pipes 1 and 3, at that position where the side of the shaft had 
for several days been found permeated with solution, a fresh inrush of 
water occurred. As the sides of the shaft were covered with planks, and 
as owing to the suddenness of the inrush the lights were extinguished, 
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Fig. 8. — Position of the freezing pipes at Hansa-Silberberg.' 

the exact position of the collapse could not be determined. The shaft was 
for the fourth time flooded, and about 4 m. of sand were washed into 
the shaft. 

In the beginning of February 1902, a new agreement was made 
between the company and the contractor, by which a further term of 
nine months was allowed to complete the upper portion of the shaft to a 
depth of 115 m. ; at the same time the company refused to bear the cost, 
and insisted that it should be borne by the. contractor. The contractor 
then filled up the spaces in the outer circle of freezing pipes, between 
the pipes 16 and 29 (Pig. 8), and between the pipes 15 and 16, 
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by three new pipes 33, 34 and 35, so that 33 was between 16 and 29 
and the pipes 34 and 35 were between 15 and 16. The space between 
pipes 15 and 30 remained open. In the same manner, as previously 
described, several pipes were placed inside the shaft, and all pipes were 
then connected to the freezing plant. 

After the shaft had been cleaned and cleared to a depth of 61 ra., 
it was sunk to a depth of 87 m. with the small diameter of 2*7 m. This 
portion of the shaft was then enlarged, a wedging curb was placed on 
the bottom, and the shaft was lined with tubbing to* 61*5 m., with- 
out, however, joining this tubbing with a watertight joint to the upper 
tubbing. 

From 87 m. sinking was continued, and at the same time 
tubbing segments were hung under the segments above, without 
accident, to 101*5 m., where it was proposed to place a wedging curb. 
Sinking, however, proceeded to a depth of about 115 m., but while pre- 
parations were made to place a wedging curb, on October 6, 1902, the 
fifth inrush of water took place. 

The shaft has since been under water, and all work has been 
stopped. Now, however, further sinking by the boring process has 
been entrusted to Haniel and Lueg, and the new works have been 
started. 

4. Sinking Shaft VI. of the Anhalt Government Salt 
Mine at Leopoldshall-Stassfurt (PJate XIV.).— The character of 
the strata at the proposed position of the shaft was not very 
encouraging, according to the result of the trial bore-hole No. 13, as is 
shown by the following section : 
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Eed and blue marls with beds of gypsum 330*00 to 335 00 m. 
Anhydrite and salt-clay . . . 335-00 „ 37900 „ 

Potash salt 37900 „ 394-00 „ 

Kock-salt 394-00 „ 400-00 „ 

The natural level of water is situated at 1-3 m. under the surface of 
the ground. 

The management first proposed sinking with sinking cribs, and 
consulted the firm of Haniel and Lueg, who feared that the pebbles 
would cause great difficulties in the sinking drum process, and 
suggested, when handing in their proposals, a consideration of the 
freezing process, and at the same time recommended the firm of Gebhardt 
and Koenig of Nordhausen should the latter process be adopted. 

After careful consideration, the management entrusted the firm of 
Gebhardt and Koenig with the freezing, and Haniel and Lueg with the 
supply of the tubbing. 

The works were started at the beginning of 1899, with the boring of 
the freezing pipes. These were placed in a circle 2624 ft. diameter and 
26 were employed, so tha.t the space between each pipe was somewhat 
less than 3-28 ft. The pipes were put down to a depth of about 100 m., 
and great difficulties were experienced in passing through the brecciated 
beds, so that it was only on June 22, 1900 that everything was so far 
advanced that the freezing plant could be started. A detailed account 
of the freezing plant is not necessary, and the reader is referred to 
Figs. 9, 10, and 11, and to the vertical section of the shaft on 
Plate XIV. 

On September 12, 1900, when the shaft was drained and the ice 
was removed, a small leakage was discostered in the middle of the 
shaft. On September 19, at 8.30 in the morning, at a depth of 
9-50 m. the water burst through the bottom of the shaft, so 
that work was stopped, and the shaft had to be allowed to fill up with 
water. It must here be remarked that the bore-hole No. 13, to which 
reference was made at the beginning of this account, stood in the 
middle of the shaft, and this had probably facilitated the passage of 
the water. In any case, the measures in the shaft were not frozen 
through. An interruption of the freezing plant led to the discovery 
that the solution of chloride of calcium was impure, that is, it contained 
too much sodium sulphate, which deposited in the pipes when the 
temperature was lowered and disturbed the circulation. 

After everything had been put in order again the temperature of 
the solution at the inlet was on the average 17° Centigrade and at the 
outlet 13-14° Centigrade ; afterwards these numbers averaged inlet 21° 
and outlet 18° Centigrade. At the end of November 1900 the shaft 
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was again drained and sinking was resumed at the beginning of December. 
The ground was first excavated with the aid of picks only ; afterwards 




blasting was resorted to, compressed powder being used. Considerable 
trouble was experienced in the pebble beds. During December 14*2 m., 
during January 1901 227, and during February 246 m.,were sunk through 
respectively. It was then decided, owing to the appearance of excessive . 
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pressure, to line the shaft at 71*5 m. with permanent tubbing, although 
a suitable base for the wedging curb had not yet been attained. A 




o 
O 



i 

© 

rH 

6 
Si 



wedging curb was then laid 1*64 ft. wide at a depth of 71 m., from 
which the tubbing was built up, and at 58*715 m. a wedging curb was 
again laid, which was also 1*64 ft. wide, while at 40*43 m. and 21*93 m. , 
supporting curbs were built in. The cavity behind the wedging curbs 
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was filled in with concrete composed of 1 part cement and 1 part sand, 
and behind the tubbing a mixture of 1 part cement, 1 part broken 
bricks and 2 parts gravel was filled in. These mixtures were prepared 
with a warm 10-12 per cent, solution of calcined soda. Ten barrels 
of cement, 234 lbs. soda, 21*18 cubic feet sand, 44 cubic feet broken 
bricks and 88 cubic feet gravel were employed for one metre length 
of shaft. 

On April 15, 1901, sinking was again continued, and at the end of 
the month 7*9 hi, was sunk. On May 3 a wedging curb was laid at 
80*33 m., and on May 16 the short series of tubbing up to the upper 
wedging curb was completed (Fig. 10), so that on May 17, 1901, sinking 
could again be proceeded with. In May a total of 10*9 m. was sunk 
through. 

To the middle of June a further 13*2 m. was sunk, and again a 
series of tubbing from 101*66 m. to 80*33 m. was built in. Owing to 
the bad nature of the ground at 92*66 m., a wedging curb was again 
laid l*64ft. wide, and the wedging curb at 101*66 m. was 2*29 ft. 
wide. The manner in which the wedging curb was supported in the 
bad ground is very interesting and waB the idea of the overman, 
Mr. Trenkel. The ground was so bad that it was impossible to 
entertain the idea of allowing it directly to support the wedging cnrb. 
As seen in Fig. 11, the shaft was sunk* about 1*5 m. deeper than the 
proposed wedging curb, then this space was built up with a strong 
timber tubbing, having the same inside diameter as the wedging curb, 
and the space between this timber tubbing and the sides of the shaft, 
which was about 10 inches wide, was filled in with concrete of good 
quality. On this solid foundation the wedging curb was laid and 
accurately levelled by means of wedges. After the wedging curb had 
been wedged against the -sides of the shaft, concrete was rammed in 
under it, and the tubbing segments were built up. On July 4, 1901, 
the tubbing was finished and everything was closed up watertight, and 
thereby the object of sinking through the frozen wall had been 
attained. 

Considering that the ground was so bad it was decided to continue 
the freezing process during further sinking below the frozen wall, until 
in better ground it would be possible definitely to shut back the water. 
Sinking was done in various stages, which in each instance were imme- 
diately lined with tubbing. On November 8, 1901, at six o'clock in the 
evening, the freezing machine was stopped after the tubbing had been 
built up from the wedging curb at 175*32 m. to the upper shaft and 
everything was watertight. 

Since that time further sinking has proceeded regularly, and at the 
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end of January 1902, when I visited the shaft, a depth of 212*8 m. was 
reached, and at that depth a wedging curb was laid. Although the 
temperature at the bottom of the shaft was 18° Centigrade and the 




Fig. 11. — Supporting the wedging curb, Shaft VI., Leopoldshall. 

shaft was well ventilated, it was so covered with ice in the freezing 
zone that the ribs of the tubbing could hardly be distinguished. The 
work created a very good impression, the tubbing especially being 
admirably executed. 

This shaft may be regarded as a model one sunk with the aid 
of the freezing process, because no interruption of any importance has 
to be recorded and the work advanced in a satisfactory manner. The 
175 m. sunk when the freezing machine was stopped required two and 
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Fig. 12. — Shuft at the "Marie " Mine, near Atzendorf. 
Junction of the temporary lining with the upper sinking drum, damaged and entirely 

covered with ice. 
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three-quarter years, which represents a little more than 18*4 ft. per 
month for a shaft with an inside diameter of 18 ft. 

5. Sinking a Shaft at the " Marie" Mine, near Atzendorf. 

— The shaft in question was started with the sinking drum process, but 
without automatic pressure apparatus, and a depth of 50 m. was 
attained by two sinking drums one within the other, when it was 
decided to adopt the freezing process, although only 8 m. remained to 
be sunk through to attain the coal. The firm of contractors to whom 
the work had been entrusted started boring the freezing pipes on 
July 1, 1900. Twenty-six pipes were provided in a circle of '26*24 ft. 
diameter, outside the sinking drums, which were to be sunk to a depth 
of 62 m. . » 

In the middle of January 1901 work had so far advanced that the 
freezing machine could be started, and on July 6, 1901, the shaft was 
drained and sinking was begun, and it advanced satisfactorily until a 
depth of 60 m. was reached as desired. In the coal the shaft was 
walled with brickwork, and above this tubbing segments were built up 
to the iron sinking drum, which had a diameter of 164 ft. Fig. 12 
illustrates this part of the shaft, with the exposed sinking shoe and the 
space between the ribs filled with ice, arid below can be seen the 
temporary walling of the frozen measures. There also can be seen the 
characteristic crack* in a vertical line in the iron sinking drum, which is 
caused by deformation, which, as has been pointed out, originates when 
subsidence of the measures takes place behind the shaft lining. For 
further information, reference may be made to the following chapter on 
the sinking drum process. On November 17, 1901, work was so far 
advanced that the freezing machine could be stopped, but as it was 
desired to drive two levels under the protection of the frozen wall, the 
freezing machine was allowed to continue running until December 7, 
1901. 

6. Consolidated Sophie Lignite Mine, near Wolmirsleben. 
— This company also had a shaft sunk by a contractor through 262 ft. of 
strata covering the coal, and the shaft had an inside diameter of 16*4 fb. 
A preliminary shaft 27*8 ft. diameter and 10 ft. deep was first excavated, 
and on this the boring-tower was erected. On February 9, 1900, the 
boring of the freezing bore-holes was started ; in the middle of August 
of the same year the freezing machine was started, and at the end of 
October sinking was commenced. The shaft was lined with brickwork, 
which. in the upper portion was put in by short sections, but in the 
lower division it had to be built up in the form of columns. The 
shaft was finished on April 24, 1901. The progress was therefore 
about 18 ft. per month. 
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7. Shaft Sinking at the Potash Salt Works of the Ron- 
nenberg Company, Hanover (Plate XV.). — This shaft, situated 
at Ronnenberg, near Hanover, was begun in April 1898. The shaft 
was placed at a bore-hole, and from the results obtained it was con- 
sidered that no large quantities of water would have to be contended 
with. Beds of clay and clayey sand were first bored through ; at a 
depth of 27 m. Permian limestone was reached, which, however, was 
fissured; at 90-125 m. a deposit of clay and sand was sunk through, 
and below, to 140 m., where rock-salt was reached, gypsum was found. 
In every case the cores obtained were in good order. 

Sinking was begun by working at the bottom of the shaft, and as 
soon as a depth of 8 m. was reached the bore-hole in the centre of the 
shaft gave 220 to 330 gallons of water per minute. After the boring 
pipe had been closed the water broke through the bottom of the shaft 
and had to be pumped at a depth of 17 m. The quantity of water in- 
creased to 770-880 gallons per minute. The plastic clay starting from 
11m. became as the depth increased mixed with deposits of sand ; the 
sand deposits increased regularly, and the clay itself also became sandy, 
so that the difficulty of further sinking and lining the sides with tem- 
porary walling continually increased. Although gypsum occurred at a 
depth of 25 m. a cast-iron sinking drum was inserted. Owing to the 
continually increasing difficulties, even with the aid of the sinking 
drum, which had an inside diameter of 19*68 ft., and after considerable 
trouble and vain efforts, the water could not be shut back. 

The drum was sunk by working at the bottom of the shaft and by 
keeping down the water, but when the cutting edge was at a depth of 
27 m. and standing in gypsum all round, the quantity of water making 
from the strata amounted to 3300 gallons per minute. 

At the commencement the plant for dealing with the water con- 
sisted of duplex pumps ; afterwards, owing to the large quantities of 
sand in the water, pulsometers were employed. After the limit of the 
gypsum had been reached, further sinking was continued with tem- 
porary timbering ; however, the water increased continually, and it 
was decided at the beginning of March 1899, when a depth of 34 m. 
had been attained, to stop sinking with the aid of pumps and to adopt 
the freezing process. This decision was arrived at owing to the enor* 
mous cost of pumping, and because of the difficulties of carrying away 
the water, which contained 4 per cent, of salt. Moreover, subsidence 
due to drawing off the water began to be felt over a wide circle. 

The company decided to carry out the freezing process themselves, 
with the aid of the advice of the " Entreprise generate de fonpage 
de putts," of Paris. The freezing pipes were arranged outside the 
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sinking drum, and thirty pipes were placed in a cirdle having a 
diameter of 29| ft. A depth of 128 m. was fixed for the freezing pipes, 
because it was supposed that the- clay from 90 to 120 m. would protect 
the underlying gypsum, and that this gypsum would be free from water. 
The freezing pipes were 4f inches outside diameter. The freezing 
machine was a double plant of 240,000 calories at 25° Centigrade per 
hour. 

The preparation of the bore-holes was entrusted to a contractor, on 
condition that for each bore-hole which deviated more than 15J inches 
from the vertical another bore-hole would have to be sunk. However, as 
the work proceeded it was shown that the deviation could be increased 
without disadvantage to the success of the frozen wall, and the maximum 
amount tolerated was fixed at 35£ inches. It was stated that six to 
eight months would be required for the borings ; unfortunately this was 
a mistake, and ill reality nineteen months were spent. In this 
space of time, however, in addition to the thirty holes proposed, five 
extra holes were bored. The average depth being 127 m., the total 
depth bored was 35x127 = 4445 m. At that time the cost of these 
bore-holes was probably 18s. per foot, so that the total cost must have 
exceeded £13,000. To test the vertically of the bore-holes a method was 
employed the full description of which here would occupy too much space. 
It will be sufficient to remark that the method was based on the fact that a 
plumb-bob nearly filling the bore-hole is attached to a line and lowered 
into the hole and the deviation from the vertical in a certain length of 
the plumb-line above the surface is measured, and from this the devia- 
tion below ground is calculated by proportion. 

In Fig. 13 the results of these borings are shown by the circles at 
each bore-hole which mark its position at various depths. The bore- 
holes which deviate the most are supplemented by extra bore-holes 
which have the same number as the first bore-hole, and are marked with 
the letter a. It will be seen from the figure that none of the holes 
were quite straight, and though the greater number deviated consider- 
ably, a few of the holes deviated very slightly. It was, however, 
discovered during sinking that the method employed to test the 
verticality of the bore-holes was not quite trustworthy ; inasmuch as 
two of the freezing pipes were visible in the sides of the shaft, which 
was not expected from the results of the tests. In any case, sinking 
proved that the deviation permitted was not excessive when such a 
powerful freezing plant was at hand. 

In spite of the final failure in this case the freezing method satisfied 
the specified requirements, and the experience gained threw further 
light on the limits of applicability of the method. Each time a borer 
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hole was completed, the freezing pipes, after being tested to from 
30 to 35 atmospheres, were introduced, in order that the outside pipes 
could be recovered with a view to using them again. After the 
freezing holes were finished a further four weeks were required for fixing 
the distributing and connecting pipes and to complete the plant. The 
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Fig. 13. — Plan of the shaft, with freezing bore-holes. 

freezing machine was already ready and had been tested. The arrange- 
ment of the whole plant is shown on Plate XV. The freezing machine 
plant consisted of two 75 to 80 horse-power steam engines, each 
driving an ammonia compressor with a total output of 240,000 calories 
per hour. A 28 per cent, solution of chloride of calcium was used and 
8800 gallons of cooling water at a temperature of 10° Centigrade were 
required per hour. In order to provide the cooling water, a special 
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pumping plant and source of supply had to be found, because it was 
considered dangerous to draw the water from the vicinity of the 
shaft. 

At the beginning of the freezing process the engines worked up to 
their full power, and after from seven to eight weeks the frozen wall 
was complete and had a thickness of 6£ feet, which was measured 
by small trial borings. It may at once be stated that after working 
six months the frozen wall towards the outside had a thickness of 9 J feet, 
and the space within the shaft was entirely frozen. 

After twelve weeks, when from the level of the water in the shaft it 
could be gathered that the section of the shaft below was completely 
frozen, and that the continual formation of ice forced the water back, 
the shaft was drained by pumping at intervals. During the pauses the 
level of the water was observed, to make sure that no water was entering 
the shaft. After the shaft had in this manner been drained in a few 
days, sinking, under the protection of the frozen wall, was continued 
without any special event. The progress in the measures consisting of 
gypsum and clay was influenced by the great care necessary in firing. 
Explosives were only employed in the middle of the shaft, and the sides 
of the shaft were worked down with picks. In the centre portion of 
the shaft dynamite was used, and in the outside row of holes 12 inches 
from the sides of the shaft blasting powder was employed. The 
temperature of the air in the shaft as the depth increased descended to 

— 8° Centigrade, so that for ventilating the shaft exhausting fans were 
abandoned and blowers used, whereby a minimum temperature of 

— 4° was attained. 

The first wedging curb for shutting back the upper water was laid 
at a depth of 69 m. in gypsum and from there tubbing was built up to 
the natural level of the water, and at the same time the cast-ifon 
sinking drum, reaching from the surface to a depth of 27 m., was 
lifted to the surface. A second wedging curb was laid at a depth of 
105 m. in firm water-bearing clay, and from there tubbing was again 
built up to the wedging curb at 69 m. The ground in this section 
consisted of gypsum and clay alternately with numerous fissures and 
cavities, which were now filled up with ice. On further sinking clay 
from 100 to 110 m. was passed through, and from there a sandy ground 
with increasing deposits of gypsum was sunk into. From the results 
of former borings this ground should be followed by firm gypsum at a 
depth of 125 m. 3 and for this reason it was intended to place the last 
wedging curb at 125 to 127 m. within the frozen wall. At a depth of 
125 m., however, water burst through the bottom of the shaft before 
the wedging curb could be laid and the tubbing completed. The 
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bursting through of the water was caused by the presence of brine 
containing 25 per cent, of salt, which prevented the frozen ground from 
reaching to the proposed depth. 

The advance of sinking in the frozen ground varied between 52 and 
78 ft. per month, and amounted in the complete shaft, including the 
lining with tabbing, from 39 to 46 ft. per month. Although at the 
present time many people believe that with increased cold, to obtain 
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Fig. 14. — The Ronnetfberg Shaft before the last attempt at sinking. 

which some other paeditrm than chloride of calcium would, however, be 
required, even strong brine can be frozen, the Ronnenberg Company 
decided to attempt definitely to shut back the water by the Kind- 
Ghaudron shaft-boring process. As reported in the journal Industrie, 
this decision was arrived at because the works undertaken by Haniel 
and Lueg durinjj recent years have shown the absolute certainty of a 
successful result. 

During the erection of the boring plant the freezing plant was 
worked to its full power in order further to freeze the ground. The 
shaft had been filled in with gravel up to above the wedging curb, laid 
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at 105*4 m., in order to support the sides of the shaft, which were 
saturated with brine. In March 1902 the shaft was drained to the 
gravel, the deposited mud was removed and sinking was commenced in 
the frozen gravel. Sinking advanced until the wedging curb was 
exposed, then the water broke through again, in a quantity equal to 
550 gallons per minute. The water was this time only slightly salt, 
about 4 per cent., but had a temperature of + 15° Centigrade, although 
the freezing plant worked to its maximum capacity. At the surface 
the water in the shaft had a temperature of + 3° Centigrade. The 
consumption of coal during this time amounted to 14 tons per day. 
Fig. 14 shows the condition of the lower portion of the shaft before 
the last attempt at sinking. 

During the last period of freezing a pipe burst, whereby six cubic 
metres of chloride of calcium were lost. At the end of March 1902 
all further attempts were abandoned and preparations were made for 
boring the shaft; the successful results obtained have already been 
described on p. 49. 

8. The Shaft of the Vereinigungs Company in the Wurm 
District near Kohlscheid. — This shaft was started on the drum 
process with a brickwork drum having an inside diameter of 22 feet, 
which was sunk to a depth of 18*5 m. nnder water. This was followed 
by an iron sinking drum, 196 ft. inside diameter, which went down to 
695 m., while a second iron sinking drum of 16*4 ft. inside diameter 
reached 102 m. Neither drum could be sunk further, although the 
pressure apparatus was worked to its limit, and as both were thereby 
deformed or injured its use was abandoned. A third iron drum, which 
had a diameter of 14*1 ft., only reached a depth of 113 m. and not to 
the stone-head at a depth of 160 m., as was expected. 

At this point the ground consisted of very fine round, uncommonly 
firmly bedded sand, and excavation advanced under the greatest 
difficulties. At first a dredging grab was employed, and then, because 
the grab would not bite, a sack borer was used in its stead. Afterwards, 
the progress being so unsatisfactory, a trial was made with the new sack 
borer with extensible sacks, and with this again, owing to its novelty, 
all kinds of difficulties had to be contended with. 

In spite of the hardness of the sand, inbursts were frequent, and in one 
the sand rose to a height of 13 m. and buried the entire borer, so that 
it could neither be brought to the surface nor the rods removed ; 
attempts were made to remove the sand with an air lift (" Mammoth ") 
pump and to free the borer again. As this gave a good result, 
attempts were also made to continue further sinking with this pump, 
but the dredging grab had to be again resorted to. 
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After the third sinking drum had been taken to a depth of 113 m. 
with great trouble, and could not be made to go down farther, it was 
decided to employ the freezing process and to entrust further sinking to 
a contractor. 

At first a so-called preliminary shaft or large round excavation was 
prepared in the usual manner, in which afterwards the distributing pipes 
were to be placed. 

On February 26, 1902, the work of boring the holes for the thirty- 
eight freezing pipes was commenced. The freezing pipes were arranged 
in two circles having diameters of 33*7 ft. and 37 ft. respectively and 
were all driven into the solid water-bearing ground. 

On plumbing the freezing bore-holes it was discovered that a number 
of them deviated considerably from the vertical, and six further holes 
were bored. In addition to this total of forty-four holes, another hole 
was driven in the middle of the shaft. The bore-holes were put down 
in running ground by means of hydraulic pressure and in solid ground 
mostly with the aid of flat chisels, and in eight cases diamond-boring 
was used in order to obtain exact records of the strata passed through. 

A plumb-line and the stratameter were both employed to test the 
verticality of the bore-holes. Both methods proved, however, not to be 
absolutely trustworthy. With the plumb-line the unreliability occurs 
mainly when the line touches the side of the bore-hole. 

The reliability of the stratameter is unfavourably influenced by the 
action of the iron lining of the bore-hole on the magnetic needle. As, 
however, it is the direction of the deviation, and not its amount, as 
recorded by the stratameter, that will be uncertain, the stratameter 
must always be considered as a valuable guide. 

Every 20 m. the holes were tested with the stratameter, and in 
addition at the bottom of the bore-holes measurements were made in 
the coal measures. 

The freezing plant, at the commencement of operations, consisted of 
an ammonia cooling machine, having a cylinder 12f inches diameter 
and 23£ inches stroke, driven by a direct coupled condensing steam 
engine, and an ammonia cooling machine with two compressors, each 
with a cylinder ten inches diameter and 17f inches stroke, driven through 
belting by a condensing steam-engine. This plant was started on 
April 1, 1903. Omng to the plant being found insufficient, in July, 
1903, a third similar cooling machine, with a cyclinder ten inches in 
diameter and 17f inches stroke driven by a non-condensing steam engine, 
was erected and started on August 8, 1903. The total output of this 
plant was calculated at 240,000 calories per hour. 

Although no serious mishaps occurred, the progress of the freezing 
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process was slow. On January 30, 1904, after working ten months, the 
solution entering the shaft had a temperature of— 14*8° Centigrade and 
the returning solution — 9° Centigrade. On this day attempts were made 
to drain the shaft to 30*8 m. under the surface or about 1380 m. under 
the ordinary level of the water. The attempt was not successful, because 
in the followiug night the water rose 3*3 m. 

The shaft was then immediately filled up again with water from the 
surface and further frozen by working all the machines to their 
maximum capacity. From that moment the conditions improved. In 
the middle of May the solution entering the shaft had a temperature of 
— 18° Centigrade and the returning solution — 12° Centigrade. A fresh 
attempt to drain the shaft was successful. At the end of May, after 
the freezing planT had been working fourteen months, sinking was com- 
menced, and at the same time the 14*1 ft. sinking drum was removed. In 
the beginning of September the cutting shoe of the 16'4 ft. drum was 
also removed, and during further sinking the sides were lined by 
hanging tubbing 16*4 ft. inside diameter under the sinking drum of the 
same diameter. Sinking, with the aid of compressed powder as an 
explosive, advanc&d without mishap, and the only trouble experienced 
was, that owing to the exceptionally long frost period of about If years 
th9 whole surface of the shaft was frozen. 

This, on the other hand, must be considered as exceedingly fortunate, 
because the freezing pipes showed considerable deviations from the 
vertical. Although the iron sinking drums must have formed an obstruc- 
tion to a depth of 112 m., four freezing pipes appeared in the sides of 
the shaft. For instance, pipe No. 27 showed at a depth of from 127 to 
154 m. a deviation of 3 '9 m. and at 154 m. came close together with 
pipe No. 13. At the surface, pipe No. 13 was 10*4 m. distant from pipe 
No. 27. At a depth of 102 m. the freezing pipe No. 30a was visible 
and was olose to the iron wall of the 16*4 ft. shaft, but still lower it 
deviated outwards again and disappeared. 

These and other deviations of the freezing holes observed, as already 
stated, prove that the survey of the bore-holes with the stratameter was 
correct, but that results obtained by the use of the magnetic needle for 
determining the bearing are without value and untrustworthy. 

These results show that it is very doubtful whether at the beginning 
of sinting the proposed removal of the 164 ft. drum and making the shaft 
197 ft. inside diameter, by hanging tubbing under the 19*7 ft. sinking 
drum, would have been possible, in spite of the freezing circle being 
from 337 to 37 ft. diameter. 

At the beginning of December 1904 a depth of 154 m. was 
reached and securely lined and a junction made w j^ n f ne coal 
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measures, shutting back the water and bringing this difficult task 
to a satisfactory conclusion. 

9. Proposals with a View to Improvements. — It is only 
natural that a method which has awakened such keen interest as was 
the case with the freezing process of late years, has provided a field of 
activity for the inventor. A few proposals, which deal with the funda- 
mental and most important sides of the process — namely, the. avoidance 
of a solution as medium, and freezing in stages — may briefly be 
mentioned, because with their aid the most conspicuous drawbacks of the 
process might be removed, and in my opinion, inventors have thus hit the 
right nail on the head. The loss of solution through leakage or bursting 
of the pipes in the frozen measures is one of the most dangerous accidents 
that can happen with the freezing process, because the portion of the 
measures which is impregnated with the solution freezes no further, and 
afterwards during sinking leads without fail to a break through the 
sides of the shaft. Experiments to introduce compensating apparatus 
in the freezing pipes in order to guarantee them against injury caused 
by the contraction when they are frozen in the bore-holes have not led to 
definite resulta Obviously the best material must be employed and 
the freezing pipes must have sufficient thickness and be provided with 
the very best and the most carefully constructed joints and connections. 
Proposals to dispense with the circulating solution, and also various 
experiments carried out in this direction, which effect a direct evaporation 
of the gas and develop the cold in the freezing pipes themselves, have 
not given satisfactory results in practice, because it was proved that the 
use of the circulating solution would finally have to be resorted to. 

The other disadvantage which has to be contended with in the 
freezing process is the tendency of all the bore-holes to deviate from 
the vertical. This disadvantage is more distinctly marked as the depth 
increases, and the numerous proposals to freeze in stages owe their 
origin to this circumstance. 

Mr. Unger, for example, proposes, and has obtained a patent, to 
build in an iron diaphragm on the bottom of each stage and to join 
it to the tubbing of the upper portion of the shaft, in a similar 
manner to the tubbing of a bored shaft, as has been fully described 
above. In this diaphragm at suitable positions stuffing-boxes are 
provided, through which the next series of holes can be bored for the 
freezing pipes. 

A patent has also been granted to Messrs. P. Grotenrath and 
H. Hillenblink for a suggested process of freezing in stages. They 
propose to provide vertical passages or pipes behind the tubbing of the 
upper portion of the shaft, either in the concrete filling or in the 
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tubbing itself, through which the freezing holes can be bored for the 
following stage and the freezing pipes can then be inserted in them. 
This proposition has the advantage over the preceding, that the new 
circle of freezing pipes is situated outside the first walling of the shaft 
and not inside, and is therefore larger than in the first case, so that 
the reduction in the diameter of the shaft is not so large as it otherwise 
would be. 

This loss in diameter is the chief disadvantage of freezing in stages, 
with the further drawback that at each stage fresh borings must be 
started and a new frozen core developed, which naturally demands 
considerable time and money ; the process of freezing in stages there- 
fore remains as a help in an emergency, and is limited to cases where 
nothing else can be done. In any case, at present the endeavours which 
aim at the perfection and improvement of boring and freezing in one 
even if a longer stage, are to be regarded as the most promising. 
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PART IV. 

THE SINKING DRUM PROCESS. 

1. Introduction and General Description. — The sinking drum 
process, together with hand sinking and piling, which at the present 
time is seldom practised, is one of the oldest sinking processes for 
sandy or water-bearing ground. 

It was first practised by placing a strong wooden crib on the position 
of the future shaft or well, and then, by removing the ground in the 
inside, in the centre of the shaft, the frame was made to sink. The 
crib should support and protect the sides of the shaft, and if in loose 
ground prevent it from falling in. When running ground is reached 
and the water making from the strata is so considerable that work at 
the bottom of the shaft has to be abandoned, then appliances must be 
used which are suitable for doing this work under water. First the 
sack borer, and afterwards the chain diredger, the grab dredger and the 
hydraulic jet were employed. In the beginning square wooden frames 
were used ; these were afterwards replaced by round masonry drums, at 
first provided with a wooden cutting curb, and afterwards with an iron 
shoe, to be again replaced by sheet-iron cylinders, or at the present 
time mainly cast-iron tubbing. 

The crib or sinking drum was originally allowed to sink into the 
ground by its own weight. Afterwards it was loaded with ground, 
sand, stones and iron, and later winches and hydraulic presses were 
used. The greatest perfection of the pressure process is seen in the 
method, in which a larger number of hydraulic presses are connected 
together and with an accumulator, and can be automatically kept under 
pressure, so that the drum is continually pressed downwards. 

In modern times, with the constantly increasing depths and 
diameters of the shafts to be sunk, the thickness of the iron walls is 
very considerable, and in spite of this, after the water had been shut 
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back and the shaft drained, the shafts are nearly always found to be 
damaged and deformed. 

It is sometimes argued that this damage to the sinking drum is 
caused when it is forced through the concrete which has been deposited 
on the bottom of an existing shaft; but the trouble is just as often 
observed in shafts in which no concrete bottom has been passed through, 
and for this reason another general cause, in addition to the unfavour- 
able influence of the concrete, must exist, which I shall subsequently 
discuss further. 

2. Probable Explanation of the Causes of Cracked 
Drums. — Among the numerous sinking drums which I have had the 
opportunity of inspecting during sinking and after completion, there 
were only two which had undergone no damage or deformation. All 
others were more or less compressed out of their circular form and were 
damaged by longitudinal cracks, which existed in brickwork as well as 
iron drums. On the other hand I seldom observed horizontal cracks in 
the circumference, and these I only saw in brickwork, where they had 
broken off from the upper courses and had sunk with the brickwork below, 
the upper brickwork being held by the upper layers. At Hugo I. Shaft 
of the Gutehoffnungshiitte, in which, with a single iron sinking drum, the 
depth from 70 m. to 170 m., or, measured from the upper surface of the 
concrete, from 61 m. to 170 m. (109 m.) was sunk through, the drum 
was lost owing to damage of this description, which finally resulted in its 
being completely compressed, although it had a thickness of 2f inches. 
In one case, with a small iron sinking drum of only 14*7 ft. diameter 
and 102 ft. depth, which was damaged in the same manner, I had to 
give expert evidence regarding the causes of this damage. 

On seeking an explanation of the appearances observed, nothing 
could be done but to assume that movements must have taken place in 
the ground outside the sides of the shaft, occasioned by the construc- 
tion of the shaft itself. 

The ground in question was composed alternately of loose, clean, and 
more clayey firm beds of sand ; a falling in of the measures around the 
cutting edge of the shaft had taken place several times during sinking. 
If an attempt is made to picture the origin and preparation of a 
breaking through of this description, it must be clear that, if the 
cutting shoe is standing in a loose bed of sand and the level of the 
bottom of the shaft is kept equal to or even deeper than the cutting 
shoe, the moving ground will at first slowly force its way under the 
cutting edge. Within the shaft there is water with a specific gravity 
of 1, and outside water-bearing measures, whose specific gravity maybe 
taken at 2. The pressure from outside is double the counter pressure 
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from within, if a portion of the difference of pressure is not absorbed by 
friction in the ground. 

If the drum does not remain vertical in such ground, the bottom of the 
shaft is often deepened further and the shoe of the drum is undermined. 
It is evident that by such proceeding the falling out of the ground 
from behind the sides of the drum is favoured and facilitated. 

As the whole proceeds, the hollow spaces behind the walls of the drum, 
which are filled up with water and not with ground, increase, especially 
in an upward and radiating direction. These conditions continue without 
being noticed, until the hollow spaces, which are naturally of a more 
or less irregular form, have reached a firmer bed above, when a time of 
comparative repo3e may commence. In Fig. 15 a shaft in this condition 
is represented. 

Falls from the roof of the hollow chamber occur nearly every day 
without preliminary warning in large or small portions. Thereby the 
water and ground are forced up into the shaft in considerable quantities, 
and the iron wall of the drum receives a shock endangering it to the 
greatest extent. The hollow space may extend either suddenly or 
gradually to the surface and threaten danger to the surface plant. 

The falling masses which slide along the inclined bottom of the 
hollow chamber are diverted against the walls of the drum. The shock 
occurs generally without noise, because everything takes place under 
water and the falling masses are not hard; while at the surface, 
except when the ground falls in, nothing is observed beyond a sudden 
rise of the bottom of the shaft and of the water in the shaft. 

Unfortunately it is impossible to calculate exactly the force 
expended by the falling masses and exerted against the walls of the 
drum ; we can only make estimates. Moreover, the conditions under 
which more or less loose masses move in water are unknown. 

A rough estimate only cau be made. For this purpose, as an 
example, we will take the breadth of the hollow space to be 4 m., 
the height of the space filled with water 10 m., and that the roof 
fell in over about a quarter of the circumference, which is on an 
average 26 m., or about a length of 6 m., and the layer which fell in 
was 5 m., so 6 x 4 x 5 = 120 cubic metres fell down. 

Consequently a weight of over and above the buoyancy of 120,000 
kilograms was present, when the conditions of the specific gravities as 
stated above are maintained. We will further assume that the fall 
required two seconds, and that it took place in water and not air, and 
that the height of the fall was 10 m., which caused an expenditure of 
energy of 120^10 = 8000KR 
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Fig. 15. — Sinking drum with washed-out hollow chamber. 
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As has formerly been stated, this number has only the value of a 
rough estimate ; in addition a large portion of the shock is counter- 
acted by the inclined bottom, and we have not to consider a compact 
mass, so that we can only take a fraction of the above number as repre- 
senting the action on the iron wall of the drum. Even if we assume 
the quantity to be very small, there will still remain sufficient to allow 
us to picture the stresses to which the wall of the shaft under such 
conditions may be exposed. The forces which are called into play by 
such a break through can only be imagined, but frequently the bottom of 
the shaft and the water rise with a jerk to a height of many yards. A 
case is known to me where this rise amounted to 72 ft., and another 
case, where the rise of the low level of the water caused the pressure 
of the air above to throw the working platform out of the shaft and 
cause injury to the men. 

From these considerations it appears no longer astonishing that in 
spite of the continued increase in thickness of the sides of the sinking 
cylinder (this thickness has now reached 8£ inches), damaged shafts are 
still met with ; at the same time increase in the walls is counterbalanced 
by the corresponding increase in the diameter of the shafts. Any further 
important increase in thickness is not to be recommended on account of 
the cost and in consideration of the difficulty of manipulation in the shaft. 
The use of another material, for instance, cast-steel instead of cast-iron, 
at three times the cost would aid very little, because here the relative 
strength has to be considered in the first place ; in this respect, as is 
known, cast-steel being only slightly superior to cast-iron . It is therefore 
of the greatest importance that the causes of these ruptures should be 
avoided, so that in sinking care must be taken that the cutting edge is 
always on undisturbed ground and as far as possible in advance of 
the bottom of the shaft. For this object the use of a powerful shaft 
pressure apparatus is necessary. 

Unfortunately the miner, when sinking with the drum, has no 
certain check on the amount of ground removed from the shaft, and 
can therefore with difficulty judge whether ground is making from 
the measures behind the walls of the shaft. The danger can, however, 
be reduced by care and energetic pressure, but cannot with entire 
certainty be removed. 

For this reason it still remains necessary to endeavour to find a way 
of increasing the resistance of the sinking drums. 

From the above remarks regarding the thickness and material it 
is evident that an increased strength in order to resist the action 
of shocks caused by a break through can be sought only by an 
improved design, and that an increase of mass and stability must be 
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found without increasing if possible the weight of iron in the sinking 
drum. 

3. The Pattberg Compound Drum. — Through the proposal 
of Mr. Pattberg a form of sinking drum was invented composed of iron 
and stone or concrete, the so-called compound drum which Haniel and 
Lueg have patented in Germany (No. 133482). The most important 
feature of this improvement is the application of wide, stiff strengthen- 
ing ribs between the ordinary tubbing rings, which are intended to 
protect the shaft, by their high moment of resistance, against the com- 
pression of the circular form. In the lower part of the shaft, where the 
danger is greatest, the rings are placed more frequently, about every 
10 ft. and above less frequently — for instance, every 13 to 16 ft., 20 or 
30 ft. These wide rings, projecting in the inside of the shaft consider- 
ably beyond the ordinary flanges, give remarkable stiffening; to this 
must be added, that the spaces between these rings, which are again 
joined together by anchor-bolts, are filled up with good masonry or 
concrete, so that the inside surface of the shaft is again quite even. 
This masonry or concrete also forms an important stiffening of the 
circular section, and a support to the iron walls, and to this must be 
added the profitable increase of weight. 

The walls of these drums are naturally thicker than an ordinary iron 
one, and are about the mean between the latter and a brickwork sinking 
drum. This circumstance is not agreeable, especially at great depths 
where several drums have to be arranged one within the other. It 
has however been found that these heavy drums go deeper than the 
ordinary iron sinking drums, and thereby this unfavourable feature 
is counterbalanced. The process has been employed in Shafts Rhein- 
preussen IV. and V. ; and Plates XVI. and XVII. show further details 
of these sinkings. 

Detailed descriptions will be given later in dealing with the various 
shaft sinkings. 

The interesting sinking process patented by Mr. Hinselmann, mine 
inspector at Rheinpreussen, should be mentioned here. Hinselmann 
proposed several cast-iron sinking drums composed of tubbing segments 
— in fact, as many as were necessary for the complete shaft — placed 
one within the other, and outside over a compound sinking drum. The 
lower portion of the compound drum was provided with a wide cutter. 
The cast-iron sinking drums pass one over the other with a moderate 
amount of play, the whole forming a powerful and heavy combination 
with several loose outer shells. According to the proposals of the 
inventor, vertical passages should be provided in the thick compound 
drum, which would allow freezing pipes to be introduced or bored, in 
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case the water could not be shut back in the measures by the sinking 
drum. On this basis, work should proceed in such a manner 
that first the whole drum sinks with the outer shells, until the 
friction of the outer shell against the measures is so great that even 
with the aid of presses it cannot be made to sink further. The presses 
are then applied to the second shell, counting from the outside ; the 
first shell remains in the measures, while the inner drum with the 
other shells sinks further with reduced friction. If these shells will not 
sink deeper, then the process is repeated with the third shell, and so on 
until the turn comes for the inner one. This proposed process has not 
yet been employed. 

In addition to improvements in the construction of the drums, con- 
siderable endeavours have been made at the same time to improve the 
excavation and the removal of the ddbris, which are all the more 
important because, according to experience with the pressure apparatus, 
any desired advance can be attained. From a theoretical point of view 
the same depth can be sunk as can be lined with tubbing, and because 
with good appliances three rings equal to 147 ft. can be built up in 
twenty-four hours, this measure may be taken to represent the progress 
that could be attained if the ground could be removed from the shaft at the 
same speed. Unfortunately at the present time this advance is far from 
being realised, but considerable progress has been made in this direction., 

4. Sack Borer (Sassenberg and Clermont System).— Of 
the methods to be considered, which consist of the old sack borer, the 
dredging grab, the chain elevator, or the use of pumps driven by water, 
air or steam pressure, the grab and the elevator may here be neglected, 
because, as far as I am aware, no improvements are to be recorded. 

The old sack borer, which was always used when other methods 
failed, because even if slow it was comparatively certain, and worked 
in all measures which occur, has been considerably improved by 
Sassenberg and Clermont. 

The slow speed of the old sack borer was principally due to the 
fact that in order to bring the small contents of the sacks to the surface, 
the borer and rods had to be lifted out of the shaft. Owing to 
the loss of time at each operation the total output was reduced to a 
very small one. 

For this reason Sassenberg and Clermont solved the problem of 
winding up the sacks with the winding engine without lifting the borer 
and rods, and made it possible to empty the sacks almost in as many 
minutes as formerly hours were spent. 

5. Pumping Debris. — A drawing of the new borer is to be 
found on Plate XVIII., which represents the Adolf Shaft of the^ 
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Eschweiler Mining Company, and Fig. 16 is reproduced from a 




Fig. 16. — Sassenberg and Clermont's Sack Borer. 

photograph of the borer, which is patented in Germany (No. 96105). 
The borer has been used with success at the Adolf shaft, near Alsdorf, 
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and at Kohlscheid. The use of pumps for lifting the ground excavated 
mixed with water — in this case, as in the whole works, sinking under 
water is considered — has found an increased application ; the pumps 
which have mostly been used are jet pumps, worked by water or steam, 
or pumps on the Mammoth system. The so-called Mammoth pump, as 
is well known, works in the following manner. Compressed air is 
introduced into a pipe, which is open at both ends and has no valves, 
the lower portion of which is sufficiently deep in the water. This is best 
effected by hanging an interior pipe inserted at the necessary depth below 
the surface of the water. The compressed air on flowing out at the bottom 
end of the pipe is divided into a number of bubbles in the water in the 
pipe, and thereby a mixture is made of air and water, the specific gravity 
of which is naturally much lower than that of water, and this is forced 
up by the surrounding water, and overflows at the top. If compressed air 
is continually added, the pump keeps at work and forms an excellent 
means of lifting mud, water mixed with sand, stones, &c, because the 
pump contains no valves or movable parts exposed to injury. The 
process is very old, and, to the best of my knowledge, was first proposed 
by Sir W. Siemens. Several forms of this pump are manufactured in 
Germany by Borsig, of Berlin, and in England by the Pulsometer 
Company, Heading. Mr. F. Honigmann, of Aix-la-Chapelle, has also 
patented a form of this pump in which the boring rod is used as the 
lift io g pipe. The manner in which the arrangement is employed at 
Eheinpreussen IV. and V. pits may be seen in Plates XVI. and 
XVII. 

A disadvantage, which is very often noted in sinking with the aid 
of sinking drums, and necessitates some care in fixing the initial size of 
the shaft, consists in the fact that sinking drums readily deviate from 
the perpendicular. Although this disadvantage even with hydraulic 
presses can be kept within reasonable limits, it would, however, be 
well if it could be removed entirely. 

The principal cause of this deviation is attributed to the circum- 
stance that, like all other turning borers, the sack borer also has a 
considerable tendency to get out of line. 

Extraction with a dredging grab and the usual water jet method in 
like manner offers just as little guarantee that the middle of the shaft 
in sinking will remain vertical. The sinking drum, as far as its 
guides will allow, naturally follows the somewhat crooked hole thus 
sunk. 

6. Pattberg Boring Process. — These circumstances have 
induced Mr. Pattberg, director of the Rheinprenssen colliery, to devise 
a percussion boring apparatus. 
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A percussion borer is used to break up the ground, which is so 
arrauged that water under pressure can be led to it through the hollow 
boring rods, and this flows out at the cutters against the bottom of the 
shaft and washes away at each blow the broken-up ground and whirls it 
upwards. Two compressed air-pumps, which are attached to the sides 
of the boring rods, take the muddy water at the deepest point of the 
conical shaft bottom and lift it to the surface. At the pit-mouth an 
ingenious form given to the head of the borer-rod renders it possible, in 
spite of the turning motion and the movement up and down of the rod, 
to connect the pipes for the admission of air to the pumps and water 
under pressure for flushing. The borer is driven by a percussion 
engine with oscillating drum, patented in Germany (No. 104158), 
with a pneumatic compensator (German Patent No. 105931). The driving 
is effected by means of a flat rope, which passes over a pulley in the head- 
gear and is attached to the head of the rod. The patented percussion 
arrangement works with a boring cable, and during the work of boring 
allows the borer to be lowered at the same time. The construction of the 
borer is patented under No. 124052. On Plates XVI. and XVII. the 
complete arrangement may be clearly seen. Fig. 17 shows the percussion 
boring engine. 

7. The Honigmann Process.— Mention must also be made of 
the Honigmann process, concerning which unfortunately very little 
trustworthy information has been published. On inquiring of Mr. F. 
Honigmann he stated, that in Limburg, near Heerlen, in the Oranje- 
Nassau concession, two shafts of 10*8 ft. and 92 ft. diameter respectively 
have been sunk to a depth of 97 m. and lined with wrought-iron 
cylinders. 

According to the same authority two other shafts have been 
sunk in Limburg. in the Carl mining claim, having 12 5 ft. diameter, to 
a depth of 130 m. by boring, and are now being lined with sheet-iron 
cylinders ^ to J in. thickness, strengthened inside with i — i bars. 
In addition, at the Nordstern Colliery, near Aix-la-Chapelle, a shaft 
18*7 ft. diameter was sunk to a depth of 77 m. and also lined with sheet- 
iron cylinders. 

The following are details of sinkings carried out on a large scale 
with drums and hydraulic pressure. 

8. Hugo I. Shaft, near Holten, Royalty of the Gutehoff- 
nungshiitte. — This was started by first sinking a brickwork drum 
23*6 ft. inside diameter to a depth of 20 m. under water, and then 
sinking was continued by working on the bottom of the shaft until a 
depth of 80 m. was attained, and tubbing had been hung under having 
an inside diameter of 22 ft. Then concrete was deposited on the 
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bottom to a depth of 65 m. and an iron sinking dram was built in 







4 



having a diameter of 19 ft. 11 in. This drum was sunk to a depth of- 
175 m. and provided with a concrete bottom and drained. 
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It was found to be damaged and deformed, and owing to being 
compressed together was completely lost. 

9. Sterkrade Shaft, in the same Royalty. — This was started 
in a similar manner with a brickwork drum 23*6 ft. inside diameter ; this 
shaft was sunk by pneumatic pressure to 17 m., and then further 
sunk by hand and walled with brickwork to a depth of 40 m. and 
23*6 ft. diameter. Prom here an iron sinking drum was urged down as 
far as possible but stopped at 80 m. ; this first; cylinder had an inside 
diameter of 22 ft. The second iron drum went to 132 m., where 
the water should have been shut back in the clay measures. After 
the tronbles experienced at the Hugo Shaft, a third drum, 16*7 ft. 
diameter, was inserted for further security, but this could not be forced 
further than 136'5. The water was found to be shut back successfully, 
and the shaft was sunk by hand to 140 m. and lined with iron ; afterwards 
brickwork followed. 

10. Hugo II. Shaft, in the same Royalty.— A new shaft 
was 3unk to replace the lost shaft, and was sunk in a similar 
manner to Hugo I., with the exception of the under-hanging tubbing. 
Instead of this tubbing, the experience gained in the Sterkrade 
shaft was utilised, and the shaft was lined in sections with brickwork 
walling. 

The sinking masonry drum had an inside diameter of 235 ft. and 
was sunk under water to a depth of 20 m., and then sunk by hand and 
walled with brickwork to a depth of 70 m. The iron sinking drum, 
19 ft. inside diameter, was placed on the concrete at 61 m., went to 
a depth of 162 5 m., and could not be made to go further. The water 
had probably been shut back ; a smaller portion of shaft was built in, 
because at the great depth it wa3 not considered advisable to engage in 
experiments. This was sunk to 167 rn., and from there sinking was 
continued. In all three portions of the shaft the ground was excavated 
with a grab, for which the measures were well suited, so that a borer, 
designed by Mr. Jacobi, to be used in the harder measures, was not 
found necessary. 

In these shafts a Kind-Chaudron boring plant, as proposed by 
Mr. Kocks, was used with good results to break through the concrete, 
and the steel shoe removed the remaining concrete edge. Work on the 
concrete floor, which, owing to the great depths and the large diameter, 
might easily bring disagreeable surprises, was thereby reduced to a 
minimum. 

11. Adolf Shaft, near Alsdorf, of the Eschweiler Mining 
Company (Plates XVIII. and XIX.). — At the position selected 
for the shaft the level of the water in the ground was 32 J m. under the 
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surface ; the measures above consisted of gravel, and deeper of sandy 
and clayey layers ; at 140 m. the firm rock commenced. 

The shaft was sunk to the level of the water and started with a large 
diameter and lined with a strong brickwork wall. This wall was 25 ft. 
inside diameter, 3*28 ft. thickness, and went to a depth of 32 m. 
It served as a foundation for the pressure ring of the pressure appliance 
(German Patent No. 91572). The 14 square anchors of 4 inches 
diameter were situated in front of the wall, and formed at the same 
time guides for the iron sinking drums. The foot ring for the anchors 
was situated 30 m. under the pressure ring. The shaft pressure 
apparatus consisted of 14 presses, each 150 tons, together 2100 tons. 
The first iron sinking drum had a diameter of 23*2 ft., and was 
composed of rings 492 ft. high in 14 segments, which in the lower 
portion of the shaft to 30 m. were 3^ inches thick. 

In the middle of December 1900 sinking was started, the cutter of 
the iron drum being at a depth of 32*5 m., and continued satisfactorily 
until January 21, 1901 ; when the cutter reached a depth of 43*26 m. a 
disturbance was caused by the breakage of three of the heavy anchors 
of the pressure apparatus. Owing to the necessity of removing the 
iron drum to arrive at the seat of the accident, the delay lasted over 
three months. The breakage was due to a flaw in the material in one of 
the anchors, and it was therefore decided, in order to guard against the 
occurrence of similar accidents in the future, to build in 28 additional 
anchors of 2f inches diameter. 

On April 30, 1901, sinking operations were resumed, and they 
advanced so well, that on June 15 the cutter was brought to 55*21 m. 
At this date a delay was again caused by the necessity of adding a 
counter-shaft to the winding gear for the sacks. On July 16 sinking 
was resumed. On August 8, 1901, ( when the cutter was at a depth of 
61*57, in spite of the greatest cnre, a breaking through of the measures 
around the cutter occurred, aud the bottom of the shaft was driven 
up 4 m. 

The disturbance caused thereby lasted until October 1, 1901, when 
sinking could again be resumed, but, however, it was found impossible 
to bring the shaft deeper than 76*72 m., at which depth it remained on 
November 13, 1901. 

At this depth the drum weighed about 1200 tons, and was loaded 
with a pressure of about 2400 tons. It was tben decided to concrete the 
bottom of the shaft, and after it had hardened, to build in the 
second iron sinking drum which had been proposed at the beginning. 

If allowance is made for the delays, which had nothing to do 
with the work of sinking, the shaft might be considered to have 
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advanced very satisfactorily. . Apart from the gain attributable to the 
pressure apparatus, this is due to the use of the sack borer with removable 
sacks (German Patent No. 96015), which worked well during the whole 
time. 

12. The Sassenberg Hydraulic Pressure Process.— The 
second iron drum, which was built in at the beginning of October 1902, 
had an inside diameter of 21 ft., and the lower portion was 35 inches thick. 
It is provided with a strong cast-steel shoe with a steel hoop, and is the 
first application of an improvement patented by Mr. Sassenberg 
(German Patent 136372). 

In sinking the shafts Hugo I. and II. and Sterkrade of the 
Gutehoffhungshutte at Holten and Sterkrade, all the experts who 
had had an insight into the works there had wondered that such 
extraordinary depths had been attained with only one sinking cylinder. 
At all three shafts depths of 90 to 110 m. had been attained with the 
first sinking cylinder, and those who knew the conditions con- 
sidered that these results must be caused by special local conditions. 
In that district at a depth of about 110 m. the water making from the 
measures is at such a pressure that when the drums reach this depth 
it is forced up behind the sides of the shaft and overflows at the surface. 
This overflow had continued during the whole time of further sinking 
and formed a small stream of about 17 to 22 gallons per minute. 

This stream rising in the crevice which was rubbed down from the 
measures by the roughness of the iron drum, naturally supported the 
pressure of the measures to a considerable extent and prevented 
the ground from setting hard against the iron drum, or at any 
rate when this happened, the water reduced the friction very 
considerably. Owing to a bed of a clayey nature being immediately 
under the water-bearing bed, the water was prevented from forcing its 
way into the shaft and was shut back by the cutter forced into the 
clay. Mr. Sassenberg then began to think that these fortunate natural 
circumstances could be imitated artificially in his shafts ; in the new 
shaft at a certain height above the shoe, the outer side of the tubbing 
was provided with a number of holes allowing water under pressure to 
stream out from an annular chamber. 

The lower portion of the new shaft, four rings and the shoe, were 
made 40 mm. = 1^ inches larger in diameter than the rest of the 
shaft, and then on the ledge so formed about 7 m. above the shoe 
holes were arranged for the outlet of the water. The increased diameter 
of the lower portion of the shaft served the double purpose, at once to 
guarantee that the shaft would fulfil its principal object and shut back 
the water, and then to give increased facilities to the flushing water to 
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rise in the space formed between the shaft and the measures. Owing to 
this increased diameter of the lower portion of the shaft, and the walls 
of the shaft being brought closer to the measures by this means, the water 
was prevented from forcing its way round the cutters into the shaft. 
In order further to guarantee this close fit, the lower portion of the 
shaft was given a perfectly exact and smooth form by turning the whole 
of the outside surfaces in a lathe. The annular chamber was supplied 
with water under pressure by two small pumps at the surface. The 
water was led by two pipes inside the shaft against the tubbing, to 
further down where the pipes communicated with two vertical passages 
in the tubbing itself, which led the water down to the annular chamber. 
The details of construction are shown in Plate XIX. 

Borirg through the concrete bottom was started in the middle of 
October 1902, and for this purpose the sack borer, which had until now 
been employed in its original form, was modified, and its cutters were 
replaced by two inclined cutter shafts with rotary cutter discs. After 
various difficulties had been overcome, at the end of March 1904 the 
lower end of the 14 m. thick concrete was attained, and the sinking drum, 
had also reached to the same depth. In the clayey measures which fol- 
lowed the sack borer was again used, but only worked well after the cutters 
had been modified to suit the clay. After the cutter had reached a depth 
of 82*52 m., the water flush was started, and attempts were made to force 
the water behind the iron sinking drum to the overflow at 7 m. below the 
surface, which was 25 m. above the natural water-level. When the 
water between the drums stood at 11-12 m. under the overflow, the 
second sinking drum started to sink owing to the flushing ; this could 
not be sunk with ordinary methods with a pressure of 3000 tons. To 
work against this a Mammoth pump was employed, and the water was 
kept at a height of about 10 m. above the natural water-level. The 
water drawn off flowed through the overflow to the suction of the flush- 
ing pumps and was again used. The drum now sank under its own 
weight and the presses were no longer necessary. The result of flushing 
was convincing ; as an example during June 1903 with regular undis- 
turbed work 1821 m. was sunk through, and the cutters reached at a 
depth of 10073 m. 

On September 25, 1903, up to which date operations went forward 
without interruption and the cutter had reached a depth of 129*9 m., the 
sack borer brought a piece of a flange of a tubbing segment to the 
surface. The borer was lifted out and the bottom was examined with a 
dredging grab. Several other pieces of iron were found, and there 
could be no doubt that the lower portion of the iron drum must be con- 
siderably damaged and a continuation of sinking was out of the 
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question. Although the drum was already 25 m. in good firm clay, it 
was considered dangerous to drain the shaft and examine the damage, 
and it was decided if possible to continue work on the bottom of the 
shaft. 

The shaft was first filled with sand to 80 m. below the surface, and 
then attempts were made to inject cement, through the water pipes, 
behind the drum, hoping thereby to fill up all hollow chambers and 
crevices in the clay, and to render the damage to the iron drum harmless. 
Two pipes were also bored through the cement ring, and through these 
cement was injected into the space between the two drums. The 
injection of cement was continued until the cement rose in the 
space between the two shafts above the cement ring. • After the 
cement had been allowed to harden sufficiently the shaft was drained 
and the removal of sand was commenced. At a depth of 88 m. the 
water leakage amounted to 1^ gallons per minute. At a depth of 87 m. 
another injection of cement was made through the tubbing until the 
cement rose in the space between. At a depth of 97 m., at ring 22 
above the sinking shoe, the first damaged segment of tubbing was found 
on the west side. The drum had been pressed to an oval form, and the 
difference between the largest and the smallest diameter amounted to 
about fifteen inches. The damage was exactly the same as described at 
other shafts, and in addition to a vertical crack on the west side, there 
was also a similar crack on the east side. In order to prevent the shaft 
from being pressed together, a ring of tubbing was built up inside it, 
this being 1^£ in. thick and 18*6 ft. inside diameter, and the space 
between the two was carefully filled up with cement. The first 
ring of this new tubbing was laid at a depth of 105*75 m., and on 
this five 'rings were erected, so that it extended to 96*75. The rings 
were provided with ribs -^ in. high on the outside, and were carefully 
backed with rammed concrete, in order to make a good joint with the 
sinking drum. Sinking further, the sand was removed 1£ m. at a timei 
and at each such distance a new ring of tubbing was placed in front of the 
damaged drum and bolted under the others, and immediately filled up 
with cement through holes provided for the purpose. At the end of 
June 1904, sixteen rings of tubbing had been erected and a depth of 
120*75 m. reached. Several times during the work cement was injected 
behind the damaged shaft at 102 m. and 106 m. The water making 
into the shaft amounted to 2J-4 gallons per minute, which increased 
after the last injection of cement to five gallons per minute, so that the 
advantageous influence of the cement injections cannot be said to be 
determined. 

At the end of June the leakage of water amounted to 17 gallons 
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per minute at a depth of 120*75 m., and a slow rising of the bottom 
of the shaft was noted. 

Cement was injected again at 121 m., and then the shaft was filled 
with water, because it was feared that further sinking in the bottom 
might possibly cause a break through, which would be most dangerous 
to the damaged portions of the shaft. 

The sand and the measures, to one metre under the shoe, were then 
bored out under water, and the shaft was filled with concrete to 121 m. 
below the surface. Later on, when the concrete is sufficiently hard, 
sinking will be done by hand, and the sides of the shaft, will be 
protected as before with hanging tubbing. It is hoped that this work 
will advance satisfactorily, because as long as this work takes place 
in the damaged sinking drum, the bottom is protected by the concrete, 
and it is proposed to sink further below the sinking drum in the same 
manner. 

13. The New Shaft of the Thiederhall Potash Salt 
Works Company, Thiede, near Brunswick. — In sinking the 
first shaft of this company great difficulties were encountered, 
principally because a considerable covering of sandy and running 
ground had to be sunk through. The sinking of this first shaft was 
started with a sheet-piling composed of iron pipes 5 inches inside 
diameter on the Haase system. Although the pipes were provided 
with guides, so that it ought to be impossible for them to go 
asunder, they broke away, and some of them deviated towards 
the outside and others to the inside of the shaft. Sinking with this 
process was therefore hopeless and was accordingly abandoned, and 
within the sheet-piling an iron sinking drum was built up of cast- 
iron tubbing segments with machined flanges and with a cast-iron 
sinking shoe, the cutter of which was formed of a steel band covering 
the sides of the shaft. It was the first application of this construc- 
tion, which was at that time . proposed by the firm of Haniel and 
Lueg. The sinking of this drum, which was forced down by hydraulic 
hand presses — this was at the beginning of the 'eighties of the last 
century, and automatic pressure appliances were then unknown — 
was satisfactory at the beginning. Difficulties were soon encountered, 
because the sinking shoe came in contact with the Haase pipes, which 
were bent by the cutter. Five of the pipes were cut through, 
without injury to the cutter or the shoe, but unfortunately several 
segments in the rings immediately above were crushed, and the broken 
pieces were pushed into the shaft. After many mishaps the water was 
shut out by means of a drum 9*18 ft. inside diameter, by the Chaudron 
method, while it was found necessary to place the moss-box in thQ 
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rock-salt; consequently the first attempt of the kind was a perfect 
success. 

At- the position selected for the new shaft the conditions were more 
favourable, but in the upper portion there were 46 m. of sandy and 
running ground. The following were the strata to be sunk through : 
0-1*0 m. soil and loam 
1 '0-6*0 ,, coarse gravel 
6*0-30 „ fine sand with boulders 
30-0-30*5 „ clay 

30*5-46*11 „ fine sand with boulders 
4611 „ clay. 

Haniel and Lueg proposed to commence the shaft with a brickwork 
sinking drum, and to continue sinking with an iron sinking drum with 
pressure apparatus. 

On March 12, 1901, the first sod was cut, and on March 25 the 
shaft was sunk to the water-level, which was at a depth of 6 m. To 
protect the sides of this part of the shaft and to form *a guide for 
the first brickwork sinking drum, it was walled with brickwork 
37*7 ft. inside diameter. On April 6 the brickwork was ready 
and the erection of the headgear was then commenced, which was 
finished on May 6, so that on May 7 the work in the shaft, which had 
been stopped, could again be resumed. 

After the cast-iron curb had been erected, the sinking drum, three 
bricks thick, was built up and then sinking was commenced. The 
excavation was done by a dredging grab worked by the winding engine, 
which was started on May 25. 

On June 25 the cutter of the brickwork sinking drum reached 
the proposed depth of about 22j m. without accident, and the bottom 
of the shaft was closed with a layer of concrete 3*5 m. thick. 

From July 5 to August 11 works in the shaft were stopped, to give 
the concrete time to harden. From August 12 to 14 the shaft was 
drained, and, everything being found in order, steps were immediately 
taken to erect the anchor ring, anchors and the pressure ring for the 
pressure apparatus (German Patent No. 91572). Immediately after- 
wards the new cast-iron sinking drum with cast-steel shoe and steel hoop 
was built in. The iron drum had an inside diameter of 21 ft., the cast- 
steel shoe was 2f inches thick, the steel hoop 1^ inches thick, the cast- 
iron drum -fa inches thick, and everything was in twelve segments. On 
September 27 the erection was completed ; the cutter of the drum was 
at a depth of 18*34 m. on the concrete. At the same time 
the boilers, machinery and the shaft-boring appliances were being 
erected, and this work was finished on October 29, 1901. On October 30 
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boring was commenced in the concrete with a percussion borer 1377 ft. 
diameter, and the concrete was bored through on November 9. 
The remaining concrete ring was forced down by the drum without 
difficulty, and on November 21 the cutter stood again in the beds below 
the concrete. Sinking with the grab was again resumed, and sinking 
and building up the drum advanced well and steadily. On January 8 
the drum reached the clay at 46*11 m. and on February 20 at 53 m. stood 
still, so that the cutter was 7 m. deep in the clay. 

The work of the sinking drum being completed, the shaft was drained 
and the joints were attended to. The junction with the measures will 
be made with a jointing ring and brickwork in the usual manner. 

From November 21 to January 8, when sinking through the sand 
eighteen rings equal to 27 m. tubbing were built up. Of these forty-five 
days, only twenty-five days were spent on work in the shaft itself; 
during twenty days other work and repairs to excavating, pressure pump 
and other machinery were done. The average sinking during the actual 
working time was 3*54 ft. per day, and in the whole time, including 
stoppages, 1*96 ft. 

14. Sinking Shafts IV. and V. of the Rheinpreussen 
Colliery, Homberg-on-the-Rhine.—The sinking of the several 
shafts of the Rheinpreussen Mine has in each case been of consider- 
able importance in the history of sinking. The Rheinpreussen Mine 
was the first to venture the attempt to sink through the thick quick- 
sand deposits on the left bank of the Rhine, and this as early as the 
year 1857. The sinking of the Shafts I. and II. was a continual 
struggle with natural difficulties, in the study of which one does not 
know whether one should more admire the tenacious perseverance of the 
owner or the same qualities of the specialist charged with the execution 
of the work, the mine manager, Mr. Hochstrate, and his great ingenuity 
in always overcoming fresh difficulties and dangers. At the same time, 
it must not be forgotten with what .small means the work had at that 
time to be undertaken, and what little experience was at hand as a 
guide. In fact, the sinking of Shaft I. occupied twenty years and that 
of Shaft II. thirteen years. The history of these works is recorded in 
volumes xi., xvii., xx., xxiii. and xxvii. of the " Zeitschrift fur Berg-, 
Hiitten- und Salinenwesen im Preussischen Staate," published at Berlin. 

The sinking of Shaft III., which was carried out by Mr. Pattberg, 
the manager, in the years 1892 to 1895, shows the enormous progress in 
the appliances and in the competent knowledge of the subject. At this 
shaft the pressure apparatus (German Patent 91572) was used for 
the first time, and the ground was excavated with the dredging grab and 
the sack borer. This sinking is described in detail under the titles 
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" Sehachtarbeiten im Schwimmeriden Gebirge bei dem Schacht No. III. 
der Grube Rheinpreussen bei Homberg am Rhein," by Bergrat Lucke, 
Aix-la-Chappelle, in the "Zeitschrift fur das Berg-, Htitten- und 
Salinenwesen im Preussischen Staate," volume xlix. In this sinking it 
is of special interest to note the enormous advantages gained by using 
exactly machined and correctly constructed cast-iron tubbing, instead of 
the rough cast-iron tubbing or sheet-iron cylinders formerly employed 
in Shafts I. and II. At the end of his paper the author gives special 
prominence to this point. 

In sinking Shafts IV. and V., the experiences gained at Shaft III. 
and in the meantime in other shafts, were carefully considered 5 this was 
all the more desirable, becauset he alluvium and tertiary beds above the 
coal measures were expected to reach to a depth of 160 m. 

Both shafts have been made to the same dimensions in all particulars 
in order to be able to employ the same appliances and plant. In both 
shafts sinking was begun with a brickwork sinking drum 8900 mm. 
inside diameter, which reached depths of 17 and 20 m, respectively, 
where concrete was filled in ; in order to erect the anchor curb and 
the anchors for the pressure apparatus (German Patent No. 91572). At 
the same time the size of the shaft was reduced to 25*68 ft. by building 
up a brickwork walling. The pressure apparatus was constructed for a 
maximum pressure of 3000 tons. 

After these works had been completed, the compound drums were 
built in. They had an outside diameter of 25'52 ft. measured over the 
iron casing, and an inside diameter of 21 # 32 ft. measured in the brick- 
work wall and stiffening rings respectively. The compound drums 
reached the depths at Shaft IV. of 60'5 m. and Shaft V. of 74-5 m. 

In sinking these shafts the Pattberg percussion borer, which has 
already been described, was employed. In Shaft IV. the concrete 
3 m. thick was bored through in six days ; in other words, an advance of 
1*64 ft. per day was achieved in the concrete. The depth from the 
upper surface of the concrete to 60*5 m., which is equal to 465 m. f 
was sunk through in 34 days, representing a daily advance of 
4-52 ft. 

The experiences here gained could at once be made use of in 
sinking Shaft V., and the results were even improved; in the concrete 
2*65 ft. was sunk through daily, and in the measures an advance of 
5 ft. per day was attained on an average. The expectations which 
had been based on this new process, the substance of which consisted 
of boring with many short strokes, about 60 a minute from 10 to 12 
inches long, while at the same time the debits was washed away by 
water under pressure and the muddy water was drawn up by an air-lift 
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pump, were satisfied in a most brilliant manner. Pig. 18 shows the 
borer used. 

In these shafts the building-up of the tubbing and the brickwoik 
walling could not actually keep pace with sinking, and for this reason 
the boring had to be interrupted at intervals. 

At various stages as much as 5 m. was sunk through in 24 hours, 




Fig 18.— Shaft Borer with Pattberg Hydraulic Jet. 

which with shafts 25*52 ft. outside diameter, has certainly not been 
achieved before, this having been considered as unattainable. It was 
also hoped that by this method the shaft would be straighter ; this 
hope has been fulfilled, both shafts being exactly vertical and perfectly 
free from cracks or other signs of damage. This improved construction 
of drums of iron and masonry has given good results. 

After completion of the first sinking period, both shafts were filled to 
a height of 20 m. with gravel to avoid the concrete floor, and as the 
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measures had been proved to be clayey the shaft was pumped dry and 
the sinking drums were built in. The result proved this manner of 
working to be correct. 

Unfortunately at the beginning of sinking, because compound 
drums had not yet been tried, the diameter was so chosen that only one 
compound drum was provided for, and the two following sinking drums 
which would possibly be required at the finish were planned to be 
ordinary iron drums. Nothing could be altered, and the drums following 
were given an inside diameter of 19*35 ft. and 3£ inches thick and pro- 
vided with steel shoe, steel hoop and flange for adding under-hung 
tubbing. 

One of these new sinking drums 19*35 ft. diameter at Shaft IV. 
reached a depth of 93 m., when in spite of employing the greatest 
available pressure it could not be sunk further. 

The drum stood in rather firm clay and it was, therefore, decided to 
drain it and if possible continue operations at the bottom of the 
shaft. The shaft was successfully drained, but the measures were found 
to be insufficiently firm to continue by underhanging tubbing. A new 
sinking drum 17*7 ft. inside diameter, and a pressure ring immediately 
above in the 5*9 m. shaft were therefore built in. Sinking was started, 
and fortunately on February 18, 1903, a depth of 132 m. was reached 
with the drum resting on the coal-measures. Not quite two years were 
spent on this part of the work, the first sod having been cut on March 12, 
1901. 

The junction with the solid measures was made by hanging thirteen 
rings of tubbing each 20 in. high directly under the shoe ring, and 
allowing these to rest on a final wedging curb at a depth of 139 m. 

After the shaft had been permanently walled, sinking was continued 
in the usual manner in the coal-measures, the shaft was 18 ft. inside 
diameter and 2 \ bricks thick. 

Shaft V. developed in a similar manner in May 1902 after the shaft 
was built up from 43 m. to the surface and a junction was made at the 
upper ring with the pressure apparatus. In September, sinking was 
again resumed under water and by increasing the pressure the drum was 
lowered, until in the beginning of March 1903 the cutter reached a depth 
of 96 m. At this point the drum could not be sunk further, and it was 
therefore filled up to 76 m. and pumped dry. Then, at a given depth, 
the shoe of a new shaft 17*38 ft. inside diameter and 18*55 ft. outside 
diameter was built in and tubbing was continued to the surface. At the 
end of August boring and sinking could be resumed. The drum at 
104*5 m. stood firmly in the clay and was pumped dry. The lower 
portion was found to be damaged and crushed to an oval form ; to 
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strengthen the damaged portion a brickwork walling 2£ bricks thick 
was built up from the bottom to a height of 10 metres, and then the 
shaft was sunk to 1189 m. 

In November 1903 a third iron drum 15 '3 ft. inside diameter 
was finally built in, and with this the coal-measures were reached 
on April 1, 1904, at a depth of 155 m. A junction was made with 
the measures in the same manner as at Shaft IV. 
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